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LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT OF AGRICULTURE, 
WEATHER BUREAU, 
Washington, D. C., June 15, 1869. 

Dear Sir: In compliance with directions contained in your letter of March 29, 
1899, I have the honor to transmit herewith a paper on the subject of frost, prepared 
by Prof. E. B. Garriott, Weather Bureau, and to recommend its publication as a 
Farmers’ Bulletin. 

In an article published in 1896 in Weather Bureau Bulletin No. 86, Prof. W. H. 
Hammon furnished valuable information regarding methods of protection from frost 
which have been tested and employed in orchards, and more especially in the citrus 
fruit region of California. 

In the autumn of 1896 the California State Board of Horticulture published a 
more extensive bulletin, which embodied the experiments and suggestions contained 
in Weather Bureau Bulletin No. 86, and treated, in an exhaustive manner, the 
problem of protecting California orchards from frost. 

In Weather Bureau Bulletin No. 23, 1899, Professor Hammon presents a revised 
edition of the bulletin formerly prepared by him and submits modifications of many 
of his former statements which are made necessary by more recent experiments. 

The methods advocated in the bulletin referred to were mainly the result of experi- 
ments conducted in California orchards, while a bulletin on frost, applicable, as 
far as possible, to all localities rather than to restricted districts, would doubtless 
be of great value to farmers, fruit growers, and gardeners; hence your direction that 
the Weather Bureau furnish for publication as a Farmers’ Bulletin a paper on frost 
which shall in a popular way define frost and the conditions which favor its forma- 
tion, and indicate methods of protection which have been found practicable by 
actual experiments. This suggestion the author has endeavored to carry out in this 
bulletin. 

As the California experiments quoted in Bulletin No. 23 were perhaps the most 
thorough ever made in this country, a description of the methods employed and the 
results obtained are reprinted in brief in this paper, together with results of similar 
experiments made in the citrus fruit regions of the Gulf States, where varying 
climatie conditions have been found to produce somewhat different results. 

Following this summary the subject of frost protection as it relates to the various 
other agricultural products of the country is considered, and some facts regarding 
freezes, which are destructive alike to tender vegetation and to plants of hardier 
growth, are presented. 

Your-wishes, as communicated in the letter referred to, that the subject be treated 
in a popular way and divested of all technicalities, and made applicable to all local- 
ities rather than to restricted districts, have been complicd with so far as the nature 
of the subject will permit. 

I am, very respectfully, Wiis L. Moore, 
Chief of Weather Bureau. 
Hon. JAMES WILSON, 
Secretary of Agriculture. 
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NOTES ON FROST. 


HOW FROST IS FORMED. 


The atmosphere of the earth always contains more or less moisture 
in an invisible form. When at 2 considerable elevation above the 
earth this moisture, or aqueous vapor, is condensed, clouds are formed; 
when the process of condensation is more active and the temperature 
of the air is above freezing, rain falls; and when the temperature of the 
air is below freezing, snew is produced. When the moisture of the air 
in immediate contact with the earth is condensed at temperatures 
above freezing, dew is formed; when at temperatures below freezing, 
frost is deposited. Frost is, therefore, the moisture of the air con- 
densed at freezing temperatures upon plants and other objects near 
the surface of the earth. 

In the process of frost formation the temperature of the air a few 
feet above the earth is commonly several degrees above freezing. The 
surfaces upon which frost is deposited must, however, possess freezing 
temperatures. The manner in which frost is deposited on plants and 
other objects is very similar to that observed when the air moisture of 
a room is frozen and deposited upon window glass, the temperature of 
which has been reduced to freezing by the out-of-doors cold. In the 
ase of the frost on the window glass the process is one that can readily 
be understood. Some explanation, however, is required of the forma- 
tion of frost, which requires freezing temperature, when at times a 
temperature above freezing is registered a few feet above the surfaces 
upon which frost appears, 

There are several processes by which the temperature of plants may 
be reduced below the temperature of the air which surrounds them, 
The most important of these processes is radiation, by means of which 
heat escapes from objects and passes into the surrounding air. 

In the frost-forming process heat from the sun which is absorbed by 
the earth and by plants during the day is lost by radiation at night. 
During the day the earth both absorbs and reflects the heat received 
from the rays of the sun, and the lower stratum of air is warmed by 
this reflected heat. During the night when no direct heat is received 
from the sun’s rays the lower air stratum receives no reflected heat, and, 
at the same time, heat which has been absorbed by the earth is radi- 
ated, or, in other words, it rises through the overlying air, though not 
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necessarily and entirely as sensible heat; that is, heat perceptible to tha 
senses. In the frost-forming process there is another very important fac- 
tor inthe production of cold; that is, the evaporation of moisture from the 
earth and from plants. The nature and composition of frost require that 
the air in immediate contact with the surfaces upon which frost forms 
shall contain moisture. This is moisture that has been stored in the 
earth in visible form, i. e.,in the form of water, and which has escaped 
from the earth, not as visible moisture, but by the process of evapora- 
tion and in the form of aqueous vapor. Some part of the heat stored 
by the earth during the day is, therefore, lost in evaporating the mois- 
ture contained in plants and in the earth. The heat utilized in this 
process is retained in the air, not as sensible, but as latent heat. Heat 
is rendered latent, in the same manner, when it is used to boil away 
water, and it again becomes sensible or liberated heat when the water 
vapor produced by boiling, which is a rapid process of evaporation, is 
again condensed into water. It appears, therefore, that while the tem- 
perature of surfaces upon which frost forms, and of the air in imme- 
diate contact with them, is lowered by the evaporation of moisture 
from the surfaces, the influence of the process does not extend to aira 
few feet above the ground. 

Another method by which plants lose their heat is by convection, by 
means of which they are chilled by contact with colder air. This process, 
while important in the presence of freezing-air temperatures, can 
scarcely be considered a factor in the formation of frost proper, which 
is usually accomplished when temperature observations show the air 
to be above freezing. 

Another element in the formation of frost is found in the fact that 
air, like fluids, arranges itself according to its density or weight. Thus 
the air in immediate contact with the earth becomes heavier as its tem- 
perature is lowered by the radiation of heat and settles into depressions 
or valleys and over lowlands, causing, at times, frost in low-lying dis- 
tricts, while neighboring higher grounds escape the visitations. 


SEASONS OF FROST. 


Generally speaking, agricultural products in some part of the United 
States are menaced by frost from the time nature begins to extend her 
mantle of green from the citrus regions of the South toward the grain 
fields of the North until the verdured area contracts southward before 
the first winds of winter; from the hour that seeds germinate and buds 
blossom until crops are gathered; from early spring until late fall. As 
a rule, the critical periods are during the early growth of plants and 
when the fruit is in the bloom, and again when crops are maturing. 
In the first instance vegetation is threatened by the frosts of early 
spring, and in the latter by the frosts of autumn. 

Considering the several agricultural sections in greater detail we find 
that damaging frost is likely to occur in the north half of the Florida 
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peninsula and in the region immediately bordering the coast of the 
Gulf of Mexico, and in the Pacific Coast States from the latter part 
of October until the early part of April, and in the North Pacific Coast 
States as early as the middle of October and as late as the last week 
of April. From December until early in March the frost limit may, at 
long intervals, be extended southward well over central and even over 
southern Florida. The period of damaging frosts in the interior of the 
South Atlantic and Gulf States extends from November to April. 
From October to April the region in which agricultural products are 
subject to damage by frost is extended to the southern lake region, 
over the Upper Mississippi and Lower Missouri valleys, Kansas, and 
Nebraska, and from September to May frost visitations are usually 


confined to the extreme Upper Mississippi, Upper Missouri, and Red 


River of the North valleys, and the Rocky Mountain and plateau 
regions from central New Mexico and the Texas Panhandle northward. 
During the period, June to August, inclusive, frosts are very infre- 
quent, and when they do occur are confined, practically, to mountain 
districts and to the northern tier of States. 


WHEN TO EXPECT FROST. 


As the conditions which produce damaging frost are subject to modi- 
fications which are as numerous as the kinds of crops raised, and as 
varied as local topography, local climate, and local soil conditions in 
the various sections of the United States, the writer in attempting to 
treat briefly a subject which is so diversified in its aspects is confronted 
with many difficulties. Suffice it to say that with ether atmospheric 
conditions favorable for its occurrence frost may, as a rule, be expected 
when temperature, as reported by stations of the Weather Bureau, falls 
to a point 8° to 10° above the freezing point. As previously stated, 
the surfaces upon which frost is deposited must possess freezing tem- 
perature, although the temperature of the air a few feet above the 
surfaces may be several degrees above freezing; and it is the tempera- 
ture of the air, in some instances many feet above the ground, that is 
given by the Weather Bureau observations. Ancther atmospheric con- 
dition favorable for the occurrence of frost is a clear, cloudless, and 
comparatively calm night. The presence of clouds retards radiation 
or loss of heat from plants; the clouds act as a screen in preventing 
the heat collected from the sun’s rays during the day from escaping 
into the upper air. When clouds are not present and a withdrawal of 
the sun’s rays causes a rapid cooling of the air at moderate elevations, 
the warmer air which collects near the surface of the earth during the 
day rises, and the cooler upper air, owing to its greater density or 
weight, settles to the earth. It will be noted that clouds not only 
prevent the escape of the warm air in immediate contact with the 
earth, but also blanket, as it were, the upper part of the lower air 
Stratum. Calm or comparatively still air is a condition which favors 
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the formation of frost. On windy nights the air is disturbed and is 
not permitted to arrange itself in layers according to its density, with 
the densest and coldest air near the surface of the earth; it is kept 
mixed up by the wind. 

A very interesting fact, which illustrates the manner in which cold 
air settles by its greater weight to the surface of the earth and allows 
the warmer air to assume higher levels, causing frost in low grounds 
and granting to the higher grounds a comparative immunity from frost, 
is set forth in the following article, by Prof. Cleveland Abbe, in the 
Monthly Weather Review for December, 1893, entitled Thermal Belts, 
Frostless Belts, or Verdant Zones: 


These are local names given to certain regions on mountain sides within which 
nocturnal frost rarely or never occurs in the springtime, although freezing tempera- 
tures occur in the winter time, consequently tender vegetation flourishes with 
remarkable vigor in these regions. The following are the only references to thermal 
belts in the United States at present known to the editor, but as such regions are 
specially important to the horticulturist and agriculturist it is hoped that the cor- 
respondents of the Weather Bureau will bring these thermal belts to notice wher- 
ever they occur in order that their meteorological peculiarities may be better 
understood. 

In the Agricultural Report of the Patent Office for 1861 Mr. Silas McDowell, of 
Franklin, Macon County, N. C., describes the verdant zone in that county in the 
valley of the Little Tennessee River. It occupies the region between 300 and 700 
feet above the valley of the river, which latter is about 2,000 feet above sea level. 
On tracing this zone up among the smaller tributaries of the Tennessee River he 
found that in the higher valleys, where the bottom land is about 3,900 feet above 
sea level, the verdant zone lies between 4,000 and 4,100 feet. Within this zone frost 
never injures the vegetation, and the most tender grapes never fail to produce abun- 
dant crops. 

Prof. J. W. Chickering, jr., in the bulletin of the Philosophical Society of Wash- 
ington, March, 1883, and in the American Meteorological Journal, vol. 1, describes 
the following thermal belt: ‘In Polk County, N. C., along the eastern slope of the 
Tryon Mountain range, in latitude north 35, the thermal belt begins at the base of 
the mountain, at an elevation of 1,200 feet above the sea, and extends up 2,200 feet, 
being most perfect at about 1,500 feet. It is about 8 miles long, and is distinguished 
by magnificent flora, such as would be characteristic of a point 3 degrees south of 
the actual latitude.” 

Prof. John Leconte, of Berkley, Cal., in Science, vol. 1, p. 278, states that at Flat 
Rock, near Hendersonville, Henderson County, N. C., on the flank of the mountain 
spur adjacent to the valleys of the Blue Ridge, he also observed a frostless zone. 
The valley is about 2,200 feet above sea level, and the thermal belt is 200 to 300 feet 
above the valley. 

Mr. J. W. Pike, of Vineland, N. J., states that among the mountains of California 
he has discovered that during the night the cold is much greater in the valleys than 
on the terraces several hundred feet above, due to the settling of the cold air, so 
that a thermal belt is formed at that height separating the frosty valleys from the 
colder highlands. 

In the Tennessee Journal of Meteorology for January, 1894, published by the State 
weather service, the author describes a thermal belt between Los Angeles and the 
Pacific coast. It traverses the foothills of the Cahuenga range, and has an elevation 
of between 200 and 400 feet and a breadth of about 3 miles, It occupies the midway 
region of the range. 
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In the American Meteorological Journal, vol. 1, Mr. 8. Alexander describes a 
thermal belt in which the peach tree flourishes in the southeastern portion of Mich- 


: igan. He shows that the cold island discovered by Winchell in that region is really 


the bottom of a topographical depression into which the cold air settles, It is a 
long valley surrounded by a belt of elevated country from 50 to 600 feet above lakes 
Michigan and Iluron. The valley and the isotherms trend northeast and southwest 
from Huron County through Sanilac, Lapeer, Oakland, Livingston, and Washtenaw 
to Hillsdale counties. The highlands of this region are all much freer from frost 
than the lowlands, and all much more favorable for early vegetation. He does not 
state that any point is high enough to be above the thermal belt, but that, in gen- 
eral, two equal parallel thermal belts inclose the cold island between them. 

It is generally conceded that these thermal belts depend both upon the drainago 
of cold air downward into the lower valleys and the freedom of radiation from the 
surface of the ground to the clear sky overhead. During a still night, when frosts 
occur, the surface of the hillside cools by radiation, and hence cools the airin contact 
with it; the latter flows downward as long as its cooling by radiation and conduc- 
tion exceeds its warming by compression, Inasmuch as its cooling depends on con- 
tact with a still colder soil or plant, it soon accumulates in the lowlands asa layer of 
cold air, which grows thicker during the night by the steady addition of the thin layer 
of descending air in contact with the ground on the hillsides. The warmer air, which 
has not yet had an opportunity to cool by contact with the ground, floats on top of 
the cold mass; it spreads out toward the hills, and is continuously furnishing its 
heat to the adjacent hillsides as fast as it comes in contact with them before it also 
cools and descends. The formation of the thermal belt seems to depend largely 
upon this gentle circulation during the nighttime. The lower limit of the belt is 
defined by the depth of the accumulation of cold air in the confined valley and rises 
higher in proportion as the night is clearer and longer, and also in proportion as the 
valley is more or less perfectly inclosed. The upper limit of the thermal belt may 
depend upon the strength of the wind and the general temperature of the air. But if 
there be no wind, then it depends equally on the freedom of radiation to the clear 
sky and on the above-described circulation of air. 


The facts quoted in this article show that frost may be expected on 
low grounds at times when higher grounds escape the visitations, and 
the lesson they teach is that early and tender crops should, so far as 
may be practicable, be confined to crests, hillsides, and mountain sides, 
and later and hardier crops to the lowlands and valleys. 

Local climate, as it is influenced and regulated by the proximity of 
bodies of water, must be given great weight in calculations regarding 
frost. Frost is less likely to occur in localities swept by moisture-laden 
air which has crossed a considerable body of water. This is more 
especially the case in the fall of the year, when the temperature of 
bodies of water is reduced very slowly; and in the South, where the 
water temperature continues relatively high throughout the year, the 
influence of the water is especially marked. During the colder months 
air is not only warmed in crossing considerable bodies of water, but it 
also absorbs moisture, which, although invisible in the form of water 
vapor, has the effect of retarding the radiation of heat from the earth. 
In fact, so pronounced is the influence of water and water vapor that 
localities which with reference to exposure to west and northwest 
winds are, as it were, in the lee of large bodies of water are compara- 
tively free from frost visitations. Along parts of the east Florida 
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coast which are protected on the west by the Indian River, frost is said 
to be unknown, and throughout the central and northern sections of the 
United States, localities which are protected on the west and northwest 
by bodies of water of considerable size are not only favored, by reason of 
their position, with conditions which do not promote the formation of 
frost, but also receive the benefits derived from heavier falls of snow. 

Local soil conditions constitute, to a certain extent, a factor in the 
formation of frost. As arapid loss of heat is promoted by an active 
evaporation of moisture, it is evident that, with other conditions equal, 
frost is more likely to occur on damp than on dry ground, provided, how- 
ever, that the ground is not too moist, for in the latter event the amount 
of moisture evaporated and added to the air would have a tendency to 
retard the radiation of heat from the earth. And herein lies the dis- 
tinction, so far as frost formation is concerned, between moist air and 
moist soil. An excess of moisture in the air, in preventing, to a degree, 
the radiation of heat, is unfavorable to the formation of frost. As frost 
is the moisture of the air in immediate contact with the earth condensed 
at freezing temperature, it follows that the earth, from which the moist- 
ure of the air is drawn, must contain more or less water, and it is evident 
that damaging frost will occur with a limited rather than with a large 
quantity of moisture arising from the earth and a moderately moist and 
comparatively still air. Both of these conditions usually obtain follow- 
ing, but not too closely following, the rains of spring and autumn. The 
character of the soil as regards its capacity for retaining moisture must 
also be taken into account, more especially during periods of compara- 
tively dry weather. Moist soil, and the vegetation which springs from 
it, is chilled to a lower temperature by the evaporation of moisture, and 
is therefore more subject to visitations of frost than soil which is dry, 
or into which water penetrates deeply, leaving the surface dry, or soil 
which sheds the rain and does not absorb and hold water. It is impor- 
tant to note, however, that very moist soil, or soil which contains a 
large amount of surface water, is, owing to the quantity of moisture 
yieliled to the air, not so subject to the heavy and damaging frosts 
which visit plants on moderately damp ground or ground that has a 
small capacity for moisture. 


PROTECTION FROM FROST. 


A discussion of methods of protection from frost calls for a consid- 
eration in great detail, not only of the several approved processes of 
protection and the extent to which they can be applied in connection 
with the various crops, but also the value of these processes under the 
yarying conditions of local topography, local climate, and local soil 
couditions. 

It is evident, in the light of the foregoing statements, that fruit and 
vegetable growers in rolling and hilly country, or when located in the 
lee, as regards west to northwest winds, of bodies of water, can, to some 
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extent,so place their earlier and tenderer fruits and crops that they 
will, in the first instance, avoid the lowlands and valleys, and in the 
second take advantage of the more moderate and moist air that crosses 
water surfaces. For further protection the grower must depend upon 
artificial appliances. These appliances are designed to produce the 
following effects or results: To prevent a rapid radiation of heat from 
the earth; to charge the air with moisture; to warm the air; to create 
artificial drafts, whereby the air is mixed and the cold air is not allowed 
to settle to the surface of the earth; or to actually cover or roof in plants, 


DEVICES FOR PREVENTING RAPID RADIATION OF HEAT. 


Devices designed to prevent a rapid radiation of heat from the earth 
include screens which can be drawn over plants, vineyards, and groves; 
loose substances with which low plants may be covered; and smudge 
fires built to the windward of areas for which protection is desired. 
These devices, which of a necessity are operative for very limited areas, 
are described by Professor Hammon in Bulletin No. 23, Weather Bureau, 
as follows: 


Glass screens.—In greenhouses and hotbeds advantage is taken of the peculiar 
property of glass which allows the heat rays of the sun to pass through it, and is 
almost impervious to the dark heat rays from the earth and plants. This is one of 
the most perfect screens possible, since it not only prevents the loss of heat by 
radiation, but receives and retains the heat from the sun. The expense precludes 
its adoption except for the protection of valuable plants and flowers. 

Screens of other solid materials have been quite extensively used in protecting 
vineyards and citrus groves where intense cultivation is practiced and where the 
location of the groves near an excellent market admits of profit even with expensive 
methods of cultivation. 

Cloth screens.—In Italy and portions of France screens made of muslin strung on 
wires stretched on poles above the tops of trees or vines have been used extensively. 
These screens are drawn on nights when frosts are probable, and are pushed back 
during the day. When the season has advanced so far as to preclude further danger, 
they are taken down and stored. Of course such a plan could be operated only on 
a very limited scale, and would then be expensive. This plan has been recently 
successfully tried in the orange groves of southern California. 

Lath screens.—During the past few years screens made of laths fastened to ordinary 
telephone wire (the spaces between them being about the width of the laths) have 
been extensively used in Florida. These are spread over a frame erected above the 
trees or plants. The screens serve not only as a fair protection from frost, but also 
as a shade from the hot sun. When no longer needed, they can be rolled up and 
stored away for preservation. At first thought it would seem improbable that a 
screen covering only half the space (the spaces being as wide as the laths) would 
afford much protection; but when it is considered that laths have considerable 
thickness it is plain that while only one-half the vertical rays are screened those 
inclined between the vertical and horizontal are partially intercepted by the edges 
as well as the faces of the laths. As a matter of fact, about three-fourths of the 
sky is screened by this means. By placing the laths in north and south directions 
the direct rays of the morning sun are completely cut off from the orchard, which 
admits of the temperature rising slowly. This reduces the liability of injury to 
plants. 

Other mothods.—Strawberries and other low plants are frequently protected by cov- 
ering them with straw or other loose substances. 
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Freqnently young potato plants are saved by plowing a furrow alongside and 
sliowing the dirt to bury them. 

Cranberry growers in the marshes of Wisconsin flood the marshes when frost is 
expected. In this case the protection is probably due, for the most part, to the high 
specific heat of the water, as only portions of this land are submerged. 

Smudge fires.—Since on cloudy nights radiation is so reduced as to prevent the 
formation of frost, many have thought that an artificial obscuration of the sky by 
means of dense smoke would be an excellont means of protection. The efforts of 
this character which have been made have resulted in decidedly varying success, 
In the wheat fields of the Dakotas excellent protection was obtained in limited 
areas, while the experience of orchardists in Florida and southern California has 
not shown such uniform success. 

Since it was supposed that the protection resulted from the obscuration of thesky 
by means of smoke, the best protection was expected from the use of that fuel which 
would produce the greatest smoke. 

In the Dakotas the best and most convenient material at hand was the straw of 
the previous year’s crop, which had been left in the fields all winter and through the 
rainy spring, until it was quite thoroughly soaked with water. 

In southern California and Florida straw was scarce, and where it could be obtained 
it was much drier than that used in the Dakotas. Consequently tar, crude petro- 
leum, and other similar smudge materials were substituted; but the results have 
not been, as a rule, satisfactory, although the smoke was equally dense. However, 
quite successful results were obtained by Mr. Buck, Mr. La Rue, and others in the 
Vacaville and Sonoma sections by burning damp stable manure in sacks scattered 
throughout the orchard. 


Devices for preventing a rapid radiation at night of the heat absorbed 
by the earth during the day can be utilized only for comparatively 
small areas. The screen devices, also, by reason of their cost, are 
available only for the smaller orchards and vineyards whose products 
command early market prices; the same may be said of coverings of 
straw and other materials for strawberries and other low plants. 
Smudge fires can be used to advantage for orchards, vineyards, and 
ground plants, and even for the smaller grain fields, and would be par- 
ticularly efficacious in protecting crops and plants in low or bottom 
lands over which, on still nights, the smoke from smudge fires would 
settle. There is no device at present known that will, by preventing a 
rapid radiation of heat, afford any material protection to the great 
grain fieldsof the West and Northwest. 


DEVICES FOR ADDING MOISTURE TO THE AIR. 


Smudge fires made of damp material have been more successfully 
used for the purpose of affording protection from frost than those made 
of tar, crude petroleum, and other dry materials, for the reason that in 
addition to creating a dense smoke they add to the atmosphere a con- 
siderable amount of evaporated water, which, though invisible, serves 
to retard the radiation of heat. When any considerable amount of 
water is thus converted into vapor and is distributed in the air which 
covers the area to be protected, a portion of it is likely to be condensed 
by the surrounding cooler air and appear in the form of mist, which 
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acts as an agent to prevent the escape of heat from the earth; and the 
act of condensation sets free in the air some of the heat that has been 
expended in the process of evaporating the water contained in the 
smudge-fire materials. Thus the process is well ordered throughout. 
In the first place, an undue quantity of heat, whereby undesirable 
drafts would be created, is not communicated to the air by the fires, 
and the final result is that in reliberating, by condensation, the water 
in the air the particles of moisture remain suspended in the air, and 
some of the heat of the fires is returned to the air in a form which, to 
a certain degree, warms it without causing currents which would be 
calculated to disturb the smoke cloud, or pall, and the moist air which 
overlie the ground and upon whose presence the safety of the plants 
from frost depends. 

As smudge fires made from damp materials are one of the recognized 
devices which have been found to be more or less effective in affording 
protection from frost, the following description of methods which have 
been adopted for utilizing them in orchards is quoted from Bulletin No, 
23, already referred to: 


Fires of damp straw and stable manuro.—Have the fuel, in smail piles, distributed 
throughout the orchard in advance; the more numerous the piles the better. With 
the saine amount of fuel the best protection is obtained from small and frequent fires, 
since with small fires the upward draft is reduced to a minimum, and the more fre- 
quent the fires the more uniform will be the distribution of heat. 

Sacks of manure.—A decidedly preferable method is to pack damp stable manure in 
common grain or burlap sacks, by which it can be convenientiy handled. ‘They 
should be distributed through the orchards in rows of about 100 feet, apart and 
about 50 feet between sacks in each row. When it is found necessary to protect, a 
small amount of coal oil is poured upon each sack and ignited. It is usually unnec- 
essary to fire more than every second or fourth sack, the remainder being left for 
later occasions. ‘These sacks will burn with a smoldering fire for several hours. 

The amount of heat which is set free by burning one sack of manure weighing 
about 50 pounds and condensing the water vapor near the earth would be sufficient 
to raise the temperature 20° in a space 75 feet square and 25 feet deep. If one- 
fourth of this heat remained within this region needing protection, which seems to 
be a reasonable estimate, ample protection would be obtained for almost any ordi- 
nary conditions. 

Bales of wet straw.—Mr. T. A. Morrison, of Riverside, Cal., suggested the use of a 
similar plan, in which bales of wet straw were substituted for manure. This plan 
has becn tried with fair success. One hundred pound bales were cut in four pieces, 
a tie wire being left about each piece, and if properly dampened will burn with but 
little care, causing a small smoldering fire. 

Prunings.—The prunings of the trees, which are usually removed shortly before the 
period when frosts are likely to do their greatest injury, are excellent smudge 
material, and should always be preserved for this use. They should be piled in open 
spaces throughout the orchard or vineyard and burned at times when protection may 
be needed. The best results will be obtained from as small fires as will result in 
burning the prunings. 


Portable smudge fires.—A number of excellent devices have been tried, 
in which the fires were built upon some vehicle by which they could be 
moved about the orchard. The advantages of this plan are several. 
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First. The fire can be moved to the section where most needed, which 
is generally along the windward side of the orchard. 

Second. The loss of heat by an upward draft is almost entirely pre- 
vented, since the fire does not remain in one position long enough to 
establish such a draft. On this account much larger and, consequently, 
fewer fires, with equal efficiency, are possible. 

Third. There is a much more uniform distribution.of heat and smoke 
throughout the orchard. 

As smudge fires prepared and applied in the manner above indicated 
are inexpensive, to a degree effective, and easy of operation, they con- 
stitute the method which for practical use and utility seems best adapted 
for general use in orchards, vineyards, gardens, truck farms, and small 
fields, as a protection from frost. Among the many devices that have 
been employed for holding and carrying these fires the following has 
been used with especially satisfactory results by the Fleming I’ruit 
Company, of Visalia, Cal., and will doubtless prove equally effective in 
other sections: 

Wire frames (chicken-yard fencing) are built on low truck wagons and stretched 
from four wagon stakes and heaped over with wet manure. Dirt is then thrown on 
the wagon beds to protect them, and pots of burning tar are set underneath the 
straw roof. A barrel of water on the wagon is used to keep the straw wet. Tho 
wagons are driven about and do the best work, as they can go wherever the most 
needed. The smoke and vapor are carried to the rear as the wagon moves, and, 
being carried at once out of the rising heat, fall close to the ground in a long, white 
trail. At daylight 400 acres of orchard are covered with a white fog, extending 
from the ground to about 20 feet high. Similar fires are used as stationary smudges, 
the wire netting being stretched between four stakes driven in the ground. 

Crude petroleum, supplied to a burner from a tank on a wagon or 
truck, has been used with success by Mr. R. H. Howard, of Riverside, 
Cal. Over the burner is placed a large wire basket containing mineral 
wool, which is kept saturated with water supplied by a tank, also placed 
upon the wagon. Wet straw and manure can also be used. The appa- 
ratus can be driven where most needed. The burning coal oil gives off 
a dense smoke, while the wet mineral wool furnishes a vast surface 
from which evaporation can take place, and at the same time the mate- 


rial will not be consumed. 


DEVICES FOR CHARGING THE AIR WITH MOISTURE. 


Aside from the smudge fires, Bulletin No. 23 quotes devices which 
have been adopted to charge the air directly with moisture, some of 
which are constructed on a plan too elaborate and expensive for gen- 
eral use. 

The first operation involved is the evaporation of water in large 
quantities, either by means of evaporating pans or by the use of boil- 
ers with connecting pipes whereby steam can be generated, carried, and 
thrown into the air in different parts of a field or orchard. 

Spraying and sprinkling plants in times of threatened frost has also 
been attended with some degree of success. At the Everest ranch, 
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at Riverside, Cal., sprinklers are placed at the top of 50-foot masts, 
which fill the air with a very fine spray. In nearly every instance the 
protection against frost by this method has been sufficient. 

Sprinkling gardens before sunrise on frosty mornings has proved of 
decided value. 

Secondly, irrigation, which of necessity can be used only to a very 
limited extent and in certain favored localities, has been found to afford 
very complete protection from frost in fields, orchards, and vineyards 
which are equipped with irrigation ditches, and in the cranberry dis- 
tricts of Wisconsin perfect protection from damage by frost is secured 
by flooding the cranberry marshes the day before heavy frost occurs in 
that section. 

In no case should water be allowed to stand in orchards, vineyards, 
or gardens during the early growing period while danger from frost is 
possible, for the reason that water unduly promotes the growth of 
young plants and thereby renders them more susceptible to damage by 
frost and cold than are the plauts whose growth is retarded. 

The third operation involved in the California experiments was a 
direct heating of the air by means of fires. It was found that large 
fires caused a strong upward draft of air, which had the effect of draw- 
ing in cooler air from the sides, and that well distributed small fires 


were attended by very satisfactory results. 
The following final report of the Riverside Hortieultural Club covers 
the results of experiments made during the winter of 1897-98: 


With the assistance of fifteen or twenty citizens interested in the study of the 
points involved, a most complete test has been made of the many different methods 
employed to prevent frost damage. With such a force of competent and impartial 
observers it was possible to secure data of much value in forming an estimate of the 
efficiency of the various plans made use of. Careful comparison was made between 
those orchards where no work was done, and where no direct effect of the fire was 
probable, and those where the different methods were being tried. As indicated by 
our partial report at the last meeting of the club, these tests were in some partieu- 
lars eminently satisfactory as showing the way to definite conclusions. 

The exceptionally long period of cold following gave additional opportunity to 
verify the first conclusions reached, and subsequent investigations made by our- 
selves, as well as by other citizens who have awakened to the possibility of proteect- 
ing their property, strengthened and confirmed the opinion formed as the result of 
the tests already partially reported upon. 

Some theories are proved to have little practical value, and members of your com- 
mittee have modified their views somewhat in consequence. No preconceived 
notions have been allowed to stand in the way of a thoroughly practical study of 
the facts as they exist, to the end that the growers may not, for the lack of definite 
knowledge as to the directions their efforts should take, neglect reasonable precau- 
tions hereafter to insure the safety of their crops. These, however, are our conclu- 
sions: 

First. There is no doubt whatever that the temperature of our orchards may be 
materially raised by the use of dry heat. 

Second. The radiation of the earth’s heat can be considerably lessened by moist 
smudges, when these are started early enough and are properly managed. 

Third. The possibility of raising the dew point on one of the dry, cold nights 
peculiar to our climate sufficiently to prevent damage, by means of steam-producing 
apparatus, seems impracticable, 











16 


Fourth. Fruit and trees can undoubtedly be saved, even in the coldest sections, by 
covering them with cloth or matting, but the expense involved makes this method 
impossible on the part of the ordinary grower. 

Fifth. It is found that the temperature in an old seedling grove, or where tall 
wind-breaks afford to smaller fruit trees a like protection, the temperature is almost 
invariably 1° to 2° higher than in exposed orchards in the immediate neighborhood, 
This fact seems to thoroughly upset the theory, strongly held by many intelligent 
growers, that the tall, well located wind-break is a disadvantage, the contrary 
seeming to be the truth. 

Sixth. It is found that the temperature 20 feet above the ground is 1° to 2° higher 
than at the surface, and that, as a rule, when the cold is severe enough to injure the 
ripest fruit 50 feet from the ground there is almost invariably a temperature above 
the freezing point of water. 

Professor Zumbro, who has given especial attention to this matter, finds that at tl.o 
height of 50 feet the temperature is from 5° to 10° higher than at the surface when 
the air is not in motion. When there is any considerable breeze it varies but little. 

Seventh. Our conclusion is that, all things considered, the coal baskets, sufti- 
ciently numerous, will prove the most satisfactory and effective means of warming 
the orchards yet made use of. It is true the oil pots make a far hotter fire, and are 
neither expensive nor difficult to manage; but the deposit of lamp black upon tree 
and fruit resulting from their use condemns this system for general use. 

As to the value of smudging the members of your committee are not 80 well agreed. 
Because of less sharply defined results, we find it more difficult to come to definite, 
at least uniform, conclusions. But, under certain conditions, we are convinced that, 
properly used, it may be made a valuable means of protec tion. We think this espe- 
cially true in localities where the temperature falls only a little below the danger 
point, and where there are considerable solid areas of young orchards exposed, 
Here it will work well if the protection is made general. But “where the danger is 
considerable we think it wise to be prepared to use dry heat, even where in connec- 
tion with the smudge. The benetit from smudging is probably as much from its 
protecting fruit and trees from the sudden rays of the morning sun after a freezing 
night as from modifying temperature during the time of danger. 

E xperience demonstrates that flooding or running water in connection with dry 
heat or smudging is a valuable adjunct. One of the committee who has been test- 
ing this matter carefully for three years is disposed to think that the direct benefit 
from running water is overestimated by a majority of growers. Its value in putting 
orchards in “condition to withstand quite severe we ather safely is questioned, but 
the committee are inclined to think that entire dependence upon this method will 
occasionally result in serious loss to those who trust to this means alone, especially 
when used in young orchards. 

As to the number of baskets needed when coal is used, we find that the most 
decided and satisfactory results have been gained where from twenty to fifty coal 
fires have been used to each acre. If intelligently and energetically used this plan 
will never fail, except when the mercury drops below 24° for a long while, and even 
then it is believed the larger portion of the crop may be saved if anything like a 
general use of such fires be secured. The smaller number of fires named has, in 
numerous instances, and even when a man was working alone, secured a rise of from 
3° to 5°, and saved acrop. Canit be doubted that 50 fires per acre, used in every 
orchard, would save both trees and crop on the coolest night ever known in Cali- 
fornia’s history ? 

To equip an orchard with 50 baskets to the acre means an outlay of only a little 
over $5. The fuel to run them one night costs from $2.50 to $3. If a crop of navels 
upon it is worth $400 it will pay well to spend in labor and fuel $4 per night, or 1 per 
cent on the value of the crop to insure its safety. In the orange region of southern 
California it is not unusual to have more than two or three nights in a season when 
the fruit isin danger. Buteven if, as in the present season, the period of cold is more 
extended will it not pay to expend at least as much as one pays for his irrigating 

water to insure the safe maturing of a crop it has cost him a year’s labor and ‘heay y 
expense to produce? The conclusion is obvious that we have only to provide for the 
insurance of this sort of property exactly as we would in the case of that liable to 
destruction by fire, to be enabled to follow the business of orange and lemon grow- 
ing with the certainty of having perfect fruit to market at the season ’s end. 

While the practicability of protecting our orchards from frost seems established, 
the problem of the most economical and scientific means of accomplishing this is 
probably yet to be solved. However well the wire baskets may serve us now, there 
will doubtless be improved methods for burning coal, and even other material may 
be found that will serve the purpose better; and while wet straw seems to be at 
present the most available for smudges, doubtless, when the need is made known, 
chemists will find some vapor-producing material more compact, efficient, and eco- 
nomical. Hence we recommend that the club appoint a permanent committee to 
continue these investigations, 
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GENERAL OBSERVATIONS AND PRACTICAL RESULTS. 


WORK IN TEXAS. 


In a paper read before the annual meeting of the Texas Farmers’ 
Congress and Texas State Horticultural Society in joint session at Col- 
lege Station, Tex., July 26, 1899, Mr. Joseph L. Cline, observer, 
Weather Bureau, submitted the following remarks on “The use of 
frost and temperature warnings in protecting fruits and truck gardens :” 


It has been proved that a good way for protecting berry crops is to cover with hay. 
Berries are improved by mulching. Prairie hay used for this purpose can be cut and 
placed in the fields, ready for covering the plants when frost is indicated, at a cost of 
aboutonedollaraton. Ten tons peracre are considered sufficient for protection against 
any freeze. The cost of labor for covering the plants would be about two dollars an 
acre additional. As the hay is required for mulching, the cost is considerably less- 
ened when the hay is utilized for that purpope. Berry crops which were covered 
prior to the freeze of last February yielded four times as much as unprotected plants, 
and unprotected plants were generally killed. Cabbage, potatoes, and other vege- 
tables can be protected from frost by hay, and the increased yield will more than 
pay for the expense involved. Rice growers along the east Texas coast can raise 
vegetables throughout the winter on their rice plantations by protecting them from 
frost. The plantations can easily be flooded during freezing weather, which is always 
of short duration, and the water would protect and do very little or no damage to 


the vegetables, which are remunerative during the winter season. 
+ * * * * * * 


The method of burning stakes soaked in petroleum or kerosene oil throughout 
the fields can be applied not only to the protection of maize, but fruit orchards as 


.well. By means of burning stakes ficlds will be enshrouded, when the wind is 


light, in a continuous cloud of smoke. This will, in many instances, prevent frost 
from occurring. The stakes must not be set so close to the fruit trees that the heat 
will affect the branches. 

* * * > * « ~ 

In France frost bells are sounded when frost is expected, and grape growers pzo- 
tect their crops by pouring tar on the ground among the vines and setting it on fire. 
The smoke thus made often,saves the crop of an entire vineyard. Bituminous coal 
burned in baskets is less expensive and has been successfully used. Forty to fifty 
baskets of coal per acre are required, and the more used the better would be the 
result. Strawberry crops can be protected in this manner at a cost of $4 to $6 
an acre, 

* * * * * * * 

The following letter from Capt. B. F. Jolinson, president Gulf Coast Horticultural 
Association, gives an idea as to what can be done in protecting crops [by showing 
what was done in February, 1899]: 

“T was in Galveston, Tex., on the morning of February 11, 1899, and upon hearing 
that a freeze was expected I called at the United States Weather Bureau oftice, and 
was informed that the hardest freeze of the season was threatened. I immediately 
gave orders over the long-distance telephone to my employees at Arcadia to cover 
up all hotbeds and also all plants already transplanted. All the plants in hotbeds 
were carried through the freeze by protection and saved from injury. I had about 
7,500 cabbage plants sect out, and on account of my employces not going to work as 
directed we did not reach these until ice had formed over someof the plants. I took 
the first train out of Galveston, which was in the afternoon, and upon my arrival at 
Arcadia we continued protection, notwithstanding the fact that ice had already 
formed over the plants. We placed a handful of hay over the north side of about 
1,000 cabbage, and at least 750 of these came through the freeze uninjured, while all 
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the unprotected were killed. The varieties protected were the Jersey-Wakefield 
and Henderson-Succession, and I could see no difference between the two after the 
freeze. Had my employees carried out the instructions given them in the morning 
I would have saved 75 per cent of the 6,500 unprotected plants which were killed, 
and this would have yielded me about $150 net. I had 1} acres of Irish potatoes 
planted in January, which were up to fair stand. These were not protected and 
were all killed. I had about one-sixteenth acre planted with hand planters the 1st 
of February. These were protected with vines from old sweet potatoes grown on 
the ground the previous year. Fully one-eighth of these came up after the freeze 
with this light protection, and thus enabled me to put the first potatoes on the Texas 
market, and they brought me $3 a bushel net. If I had been prepared and protected 
the 12 acres planted in January I would have received a nice little sum, and moro 
than ten times the cost of protection. Strawberries not mulched were virtually 
killed, while those mulched made an average crop. The great value of protection 
to berries in case of freezing weather has been forcibly illustrated. The entire crop 
of early berries (the only berry crop which pays well) would have been a total 


failure without protection.” 
e * # * * * * 


The following communication of Mr. M. M. Cox, president of the League City 
Truck Growers’ and Farmers’ Association, League City, Tex., gives further the manner 
and value of protecting crops from the frost and freeze during the abnormally cold 
weather of February 12 and 13, 1899. Mr. Cox says: 

“T had two acres of strawberrics—Noonan and Mitche!l varieties—which were 
blooming and fruiting nicely. In anticipation of a freeze we placed hay for mulch- 
ing purposes between the rows, which were about 3 feet apart. Upon the receipt of 
the telegram, Saturday morning, February 11, 1899, announcing the approach of a 
freeze, I got word to the man who had charge of my berry crop. He immediately 
went to covering the vines with hay previously placed in the berry patch, and 
succeeded in covering 20 rows. The vines of the protected berries were practically 
uninjured, while the unprotected plants were frozen to the ground and many of 
them totally killed. Irom these 20 rows, about one-fourth acre of protected plants, 
we picked berries nearly three weeks before the unprotected berries were ready for 
market. The one-fourth acre of protected berries yielded me more than the remain- 
ing ljacres altogether. In fact, we got the bulk of our crop—a little more than $300 
net—off this one-fourth acre. If we had used more hay for covering we could have 
saved the blooms and berries already on the vines notwithstanding the severity of 
the freeze, as some berries were saved as it was. 

“Others in League City protected berry crops with the saine results as those 
which attended our protection. 

* Hotbeds protected for ordinary freezes were killed, but some put extra covering 
on the beds, using blankets, and thus saved their plants without injury. Those who 
protected in this manner were setting their plants in the field while others were 
sowing seeds in the hotbeds, and were thus at least four weeks ahead with their 
crops for the market. 

‘The warnings of the Weather Service promise much for the coast country.” 

Mrs. C. W. Benson, Alvin, Tex., in writing of protection of crops, says: 

‘In past seasons the advance notices of frost and freezing weather given out by 
the United States Weather Bureau have been distributed among the truck growers 
by messenger service, and by this means have saved our planters who protect their 
crops thousands of dollars. 

In 1899 all crops were carried through safe until the severe freeze of February 11, 
and in several instances tender crops were successfully protected and carried through 
this freeze even when the mercury stood at 4 degrees above zero or 28 degrees below the 
freezing point. The principal crops protected were tomatoes, cucumbers, cabbage, 
and strawberries. The. three first mentioned were still in hotbeds or cold frames, 
and were protected by covering with hay to a depth of about 1 foot, over glass or 
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canvas. Berries were protected by turning over mulch and covering up plants from 
4to6inches in depth. This mulch had already been placed between the rows to 
retain moisture and keep the berries clean on plants. ‘This protection did not save 
blooms, but the plants so protected came through the freeze with much less damage 
and produced more fruit than the unprotected plants. I judge that the protection 
was fully worth $30 per acre, as prices of berries remained firm all through the 
season on account of general scarcity of fruit. About 25 acres were thus protected 
from the freeze. 

“The value of the tomato crop saved through protection from this freeze averaged 
fully $125 per acre in spite of the subsequent drought, which extended from Feb- 
ruary 14 until after the crop was marketed, with the exception of a few slight 
showers, which were insufficient for general growth of plants. With rain as in an 
average season the crop would have paid $250 per acre, and enough plants were 
carried through this freeze by protection to set 17 acres. 

“About 200,000 cabbage plants were carried through this severe freeze of February 
and successfully transplanted. These would have netted the growers $8,000 with 
sufficient rain during the growing period. The value of the cueumber crop from 
actual results was about $1,000, which would have increased 1,000 per cent in an 
ordinary season, but they were held back for lack of moisture until the north Texas 
crop was on the market, as cucumbers which sold at from 40 to 50 cents per one- 
third bushel box would have netted from 75 cents to $1.25 per dozen. 

‘“‘Protection of crops enables the grower to generally reach the first markets, but 
without the advance notices of frost and freezing weather it would be impracticable 
to protect; our people would bear the expense of the warnings rather than do without 
them.” 

WORK IN LOUISIANA AND FLORIDA. 


Probably the most extensive experiments for the protection of citrus 
fruits in the Southern States have been conducted in a large orange 
orchard near Diamond, La., under the management of Mr. Hewitt 
Chapman. In the Report of the Louisiana Section of the Climate and 
Crop Service of the Weather Bureau for February, 1899, this grove and 
some of the methods employed to protect its crop are described by Mr. 
Alexander G. McAdie, of the Weather Bureau, as follows: 


The orange orchard is about 43 miles south of New Orleans, near the river, and 
about 20 miles north of what is considered the safe orange belt of Louisiana. The 
grove covers 130 acres and contains 15,000 trees, including Creole Sweets, Mandarins, 
and Satsumas; sweets budded on Trifoliata and Pomeloes on sourstock. ‘These young 
trees withstood the frosts of January 1, December 4, 9, 10, 11, 1898. The writer vis- 
ited this grove on December 11, when ice one-quarter inch in thickness could be 
found along the roads and in exposed places. The orchard is irrigated by means of 
river water carried over the levee by a Knowles direct-acting pump, 6 by 8, worked 
by a 40-horsepower boiler. The pump dispenses with belt, pulley, and engine. To 
flood the whole orchard of 50 acres to a depth of 1 inch would require 5,650 tons of 
water, or 1,357,700 gallons. Barely one-hundredth part of this quantity of water is 
required. The water pumped from the river over the levee gocs into a main ditch, 
from which run subditches, each subditch feeding twosmall inlets through the orchard 
between each line of trees. The distance between the trees averages 12 feet. The 
middle ground is cultivated and level so that the water can run in asteady stream to 
and out through the quarter drain into the drainage ditches which are 1 acre apart, 
running parallel into the rear canal, 

The grove has a northern exposure; fronts on the river; the land runs west and 
east, falling slightly from the river; and there are no wind breaks. If is also pro- 
posed at this orchard to experiment with the various types of smudges. One por- 
tion, about 10 acres in extent, will Le protected by smudge fires, some portable and 
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fome stationary. In another section, covering about 30 acres, the bodies and lower 
portions of the orange trees are to be wrapped with native hay. In the third sec- 
tion the dirt is to be hilled up about the trees; while in the fourth the trees are to 


be wrapped with floor matting. 
In the methods described above for the protection of trees it was thought that 


colder weather than that of February, 1895, was not likely to occuragain. It appears 
that the pumping plant, on which great reliance was placed, did successfully hold 
back the trees up to about February 2, 1899, but the extremely warm weather of the 
3d, 4th, and 5th started the sap and forced growth. It is doubtful, however, whether 
water protection is adequate under such severe tests. All the orange trees above 
ground appear to have suffered badly, in nearly every case the tree being killed. 
Those trees which were wrapped with matting likewise suffered and the protection 
again appears to have been inadequate to withstand such extreme cold. In the sec- 
tion where the earth was hilled up around the trees the results were very satisfactory. 
It is thought that about 4,000 trees have been saved by this means. An inspection 
of the orchard as late as March 5 indicates that notwithstanding the severity of the 
test, there is reason to believe that orange trees can be protected successfully by 
hilling up the earth. 

The devices employed in Louisiana, as described above, were found 
to be an effective protection against damage by frost, and the protec- 
tion afforded by irrigation and by wrapping the bodies and lower por- 
tions of trees with hay was sufficient for ordinary freezes. During the 
unprecedented cold of February, 1599, the section in which dirt was 
hilled up about the trees was the only one in which trees escaped serious 
injury. 

The devices for protection from frost used in Florida conform in char- 
acter to those tested in the California experiments, in which coal fires 
were found to be the most effective means of protection, and appliances 
for adding moisture to the air were successful only to a degree. As 
artificial appliances are totally inadequate to add to the atmosphere 
any very appreciable amount of moisture, it is evident that methods 
which may have been found ineffective in the dry climate of California 
would possess value in locations where their office is confined to adding 
moisture to an already moist atmosphere. The Gulf and South Atlantic 
Coast States, and in fact the country generally from the Mississippi 
Valley to the Atlantic seaboard possesses a moist atmosphere, and the 
fruits and tender garden vegetables of these districts can, therefore, be 
the more readily protected from frost by devices which add moisture to 
the air. Asa means of adding moisture to the air, irrigation should be 
more effective than in California, and in localities where this method 
can be used, protection would be assured except against hard freezes, 

Owing to the comparatively inexpensive character of the materials 
used in damp smudge fires, they seem the best adapted for common use 
in orchards, vineyards, and gardens. Berries and other low plants can 
be protected with but little expense by coverings of straw and other 
light materials. Devices for actually heating the free and open air are 
expensive and of doubtful utility, and their value is dependent solely 
upon a comparatively still air and small, numerous, and well-distributed 


fires. 
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In Florida many experiments have been made with a view to adopt- 
ing devices which will protect orange trees from injury during the 
periods of severe cold which at times visit that section. The fact that 
these periods of cold are infrequent does not relieve the grower from 
the necessity of providing for their occurrence. The most economic of 
the devices tested appears to be the “banking up” of trees with dirt or 
sand. In Florida, as in Louisiana, this has been found to be a very 
effective means of protection. The trunks of the older trees can be 
banked, and the younger trees can be almost entirely covered without 
necessarily causing any damage to the trees. 

The more expensive methods include warming the air by means of 
open wood fires and sheet-iron stoves. These methods have been found 
to be fairly satisfactory on still nights. Coverings of cloth and other 
suitable materials are stretched on frames and the confined air is 
warmed by means of stoves. One extensive orange grower is building 
board sheds over his groves, the interiors of which will be heated by 
wood fires. When danger from frosts and freezes is past, the tops and 
sides of the sheds can be removed. On account of their great cost, cov- 
erings of this character can not, of course, be generally used. 


FROST SEASONS FOR SEVERAL CROPS. 


Damaging frost is likely to occur in Florida from the middle of 
October until nearly the middle of April. During this. period pine- 
apples which are not in the lee of bodies of water should be afforded 
means of protection. Strawberries are subject to damage from January 
to the early part of April; oranges from December to the middle of 
February, and orange trees are subject to damage by freezes during 
December, January, and.February. Garden truck is especially subject 
to injury from January 1 to April 15. In the trucking districts of the 
interior of the Gulf and South Atlantic States the period during which 
damaging frost is likely to occur extends from October to April, 
inclusive. 

Temperature conditions are of great importance in the culture of 
rice, and a severe frost late in October may injure the grain so much 
as to cause its discoloration. Owing to the manner of growth and cul- 
ture of this crop and the character and extent of the fields it covers, 
practically nothing can be done to avert injury from heavy frosts that 
may occur about the time of harvest. 

Tobacco growers may protect their plant beds by coverings, but dur- 
ing the critical periods following transplanting and approaching har- 
vest severe frost will ruin plants in fields which are too large for the 
successful application of the devices herein described. During the 
maturing season tobacco plants in large fields can be given protection 
from damage by frost only by cutting and “frost heaping” on the eve 
of the occurrence of frost. 

Cotton will be seriously injured by low temperature early in the 
spring whether frost occurs or not, Owing to the area covered by the 
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fields, no adequate means of protection against cold and frost, suitable 
for general use, has been discovered. 

In Louisiana sugar cane is planted in the fall, winter, and early spring. 
The plants are often killed or seriously injured by frosts in the spring 
and in October and November. When frost is expected, the cane can 
be cut close to the ground and “mattressed,” the product of three rows 
being so laid together that the leaves of one armful will cover the butts 
of the preceding; being thus thatched the canes are protected from 
frost and will keep in this state for several weeks without injury. 

In the cranberry districts of New Jersey, Cape Cod, and Wisconsin, 
and in limited areas in other parts of southeastern New England, and 
the upper lake districts, which are devoted to cranberry raising, flood- 
ing is the only effective means of protection against damage by frost. 
This crop is confined to swamp or bog lands, and when danger from 
frost is apprehended, appliances for letting in a sufficient quantity of 
water to keep comparatively warm and moist the lower stratum of air 
are usually provided. 

Young potato plants can be saved from damage by frost by a cover- 
ing of dirt. In large patches this can be accomplished by plowing a 
furrow alongside the rows of plants and allowing the dirt to bury them. 

Gardens can be protected from frost by coverings of straw, paper, 
or other loose and light materials, or by damp smudges; and the latter 
device appears to be, in point of effectiveness and cost, the best 
adapted for general use not only for small areas devoted to gardens, 
but also for orchards, vineyards, and fields. The effectiveness of any 
method of protection is of course decreased as the area for which pro- 
tection is desired is increased, and there is no process yet devised that 
can give adequate protection against frost and cold in the great grain 
fields of the country. 


CONCLUSIONS. 


Experiments and observation seem to establish the following facts: 
The danger of damage from frost can be materially lessened by placing 
carly and tender plants on high grounds and crests, and hardier plants 
in low grounds and hollows. When ground can be selected in the lee, 
or to the south and east of considerable bodies of water, the danger 
will be further lessened. 

In the dry climate of the citrus fruit region of California and in the 
promising fruit districts of Arizona small and numerous fires, prefera- 
bly of coal burned in iron baskets, have been found to be the most 
effective device used for protection against frost; second in point of 
utility may be placed irrigation; and the practicable process which 
afiords the least protection in that district appears to have been smudge 
fires. As before stated, the unsatisfactory character of the experiments 
made with smudge fires may be attributed to the fact that artificial 
devices are inadequate to charge dry air with sufficient moisture to pre- 
vent loss of heat from the earth by radiation. Reports of California 















23 


experiments do not distinguish between frosts and freezes. Owing, 
however, to the usually moderate character of the cold periods of that 
section the devices referred to would doubtless be equally effective 
against frosts and freezes. 

In the orange-growing districts of the South irrigation affords the 
most effective protection against frost, while in sections where this 
process can not be employed damp smudge fires properly handled are 
best adapted to general use. Severe freezes which kill or injure the 
trees can be guarded against only by housing the trees and heating 
the confined air, or by ‘banking up” the trees with dirt or sand. The 
latter method is comparatively inexpensive and is therefore the better 
adapted to general use. 

In all sections loose coverings may be used to advantage for protect- 
ing low plants, and damp smudge fires may be profitably employed in 
gardens, orchards, and small fields. 

It is important to remark in this connection that none of the artifi- 
cial devices described should be employed during the growing season 
except on the immediate eve of threatened frost. The necessity for 
observing this precaution becomes apparent when the fact is consid- 
ered that any appliance for protecting plants from cold will maintain 
abnormally high temperatures when average weather conditions pre- 
vail. The effect of this process would be to force the growth of the 
plants and render them the more susceptible to damage by the late 
frosts of spring. In all sections and localities reached by the forecasts 
and special warnings of the Weather Bureau action to put into opera- 
tion protective measures can be safely deferred until warning notices 
are issued. The Bureau has made provision for a distribution of frost 
warnings which is limited only by the resources of the telegraph, tele- 
phone, mail, train, and signal services, and agriculturists whose loca- 
tion renders possible the receipt of the warnings by any of the means 
referred to should adopt measures for securing them. That action in 
this direction would be profitable is shown by the testimony of those 
who have received substantial benefits from the warnings, 
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LETTER OF TRANSMITTAL. 


U. S. DepartMent or AGRICULTURE, 
Orrice oF THE WEATHER BuREAU, 
Washington, D. C., January 25, 1908. 

Sir: I have the honor to recommend that the manuscript herewith 
be published as a revised edition of Farmers’ Bulletin No. 104. 

In compliance with directions contained in your letter of March 29, 
1899, a paper on the subject of frost, prepared by Prof. E. B. Gar- 
riott, Weather Bureau, was submitted and published as Farmers’ 
Bulletin No. 104. This bulletin furnished valuable information re- 
garding methods of protection from frost. Methods advocated in 
previous publications were mainly the results of experiments con- 
ducted in California orchards. Bulletin No. 104 was designed to be 
of value in all sections of the country rather than in restricted 
districts. 

As the California experiments quoted were perhaps the most thor- 
ough ever made in this country, a description of the methods em- 
ployed and the results obtained is reprinted in brief in this paper, 
together with results of similar experiments made in the citrus- 
fruit and truck-growing districts of the Gulf States, where varying 
climatic conditions have been found to produce somewhat different 
results. Additional information personally acquired by the author 
during a visit to Florida in the winter of 1906-7, and certain climatic 
data, also form features of this paper in its revised form. 

Your wishes that the subject be treated in a popular way and 
divested of all technicalities, and made applicable to all portions of 
the United States, have been complied with so far as the nature of the 
subject will permit. 

Respectfully, Wits L. Moors, 
Chief, Weather Bureau. 
Hon. James Witson, 
Secretary of Agriculture. 
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NOTES ON FROST. 


HOW FROST IS FORMED. 


The itmosphere of the earth always contains more or less moisture 
in an invisible form. When at a considerable elevation above the 
earth this moisture, or aqueous vapor, is condensed, clouds are formed ; 
when the process of condensation is more active and the temperature 
of the air is above freezing, rain falls; and when the temperature of 
the air is below freezing, snow is produced. When the moisture of 
the a‘r in immediate contact with the earth is condensed at tempera- 
tures above freezing, dew is formed; when at temperatures below 
freezing, frost is deposited. Frost is, therefore, the moisture of the 
air condensed at freezing temperatures upon plants and other objects 
near the surface of the earth. 

In the process of frost formation the temperature of the air a few 
feet above the earth is commonly several degrees above freezing. The 
surfaces upon which frost is deposited must, however, possess freezing 
temperatures. The manner in which frost is deposited on plants and 
other objects is very similar to that in which the air moisture of 
a room is frozen and deposited upon window glass, the temperature of 
which has been reduced to freezing by the out-of-doors cold. In the 
case of the frost on the window glass the process is one that can read- 
ily be understood. Some explanation, however, is required of the 
formation of frost, which requires freezing temperature, when at 
times a temperature above freezing is registered a few feet above the 
surfaces upon which frost appears. 

There are several processes by which the temperature of plants may 
be reduced below the temperature of the air which surrounds them. 
The most important of these processes is radiation, by means of which 
heat escapes from objects and passes into the surrounding air. 

In the frost-forming process heat from the sun which is absorbed 
by the earth and by plants during the day is lost by radiation at night. 
During the day the earth both absorbs and reflects the heat received 
from the rays of the sun, and the lower stratum of air is warmed by 
this reflected heat. During the night when no direct heat is received 
from the sun’s rays the lower air stratum receives no reflected heat, 
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and, at the same time, heat which has been absorbed by “« earth is 
radiated, or, in other words, it rises through the overlyu-¢g air, though 
not necessarily and entirely as sensible heat; that is, neat perceptible 
to the senses. In the frost-forming process there is another very im- 
portant factor in the production of cold; that is, the evaporation of 
moisture from the earth and from plants. The nature and composi- 
tion of frost require that the air in immediate contact with the sur- 
faces upon which frost forms shall contain moisture. This is mois- 
ture that has been stored in the earth in visible form, i. e., in the form 
of water, and which has escaped from the earth, not as visible mois- 
ture, but by the process of evaporation and in the form of aqueous 
vapor. Some part of-the heat stored by the earth during the day is, 
therefore, lost in evaporating the moisture contained in plants and in 
the earth. The heat utilized in this process is retained in the air, not 
as sensible, but as latent heat. Heat is rendered latent, in the same 
manner, when it is used to boil away water, and it again becomes sensi- 
ble or liberated heat when the water vapor produced by boiling, which 
is a rapid process of evaporation, is again condensed into water. It 
appears, therefore, that while the temperature of surfaces upon which 
frost forms, and of the air in immediate contact with them, is low- 
ered by the evaporation of moisture from the surfaces, the influence 
of the process does not extend to air a few feet above the ground. 

Another method by which plants lose their heat is by convection, by 
means of which they are chilled by contact with colder air. This 
process, while important in the presence of freezing-air temperatures, 
can scarcely be considered a factor in the formation of frost proper, 
which is usually accomplished when temperature observations show 
the air to be above freezing. 

Another element in the formation of frost is found in the fact that 
air, like fluids, arranges itself according to its density or weight. 
Thus the air in immediate contact with the earth becomes heavier as 
its temperature is lowered by the radiation of heat and settles into 
depressions or valleys and over lowlands, causing, at times, frost in 
low-lying districts, while neighboring higher grounds escape the vis- 
itations. 

SEASONS OF FROST. 


Generally speaking, agricultural products in some part of the 
United States are menaced by frost from the time nature begins to 
extend her mantle of green from the citrus regions of the South 
toward the grain fields of the North until the verdured area contracts 
southward before the first winds of winter; from the hour that seeds 
germinate and buds blossom until crops are gathered; from early 
spring until late fall. As a rule, the critical periods are during the 
early growth of plants and when the fruit is in the bloom, and again 
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when crops are maturing. In the first instance vegetation is threat- 
ened by the frosts of early spring, and in the latter by the frosts of 
autumn. 

Considering the several agricultural sections in greater detail we 
find that damaging frost is likely to occur in the north half of the 
Florida peninsula and in the region immediately bordering the coast 
of the Gulf of Mexico, and in the Pacific Coast States from the latter 
part of October until the early part of April, and in the North Pacific 
Coast States as early as the middle of October and as late as the last 
week of April. From December until early in March the frost limit 
and even the line of freezing temperature may, at long intervals, be 
extended southward over central and southern Florida. The period 
of damaging frosts in the interior of the South Atlantic and Gulf 
“tates extends from November to April. From October to April the 
region in which agricultural products are subject to damage by frost 
is extended to the southern Jake region, over the Upper Mississippi 
and Lower Missouri valleys, Kansas, and Nebraska, and from Sep- 
tember to May frost visitations are usually confined to the extreme 
Upper Mississippi, Upper Missouri, and Red River of the North val- 
leys, and the Rocky Mountain and plateau regions from central New 
Mexico and the Texas Panhandle northward. 

The occurrence of summer frosts in mountain regions and in ex- 
treme northern districts of the country is common. The following 
are notable instances of summer frosts in agricultural districts: 

August 22 to 24, 1890, a frost-bearing cool wave advanced from the 
Dakotas over the lake region and the interior, or mountain districts, 
of the middle Atlantic States. 

August 28 to 31, 1892, a cool wave advanced from the Rocky Moun- 
tain and plateau regions, with frost from New Mexico to the Dakotas, 
Iowa, Minnesota, northern Wisconsin, and northern Michigan. 

August 8, 1904, frost damaged vegetation in low-lying lands in the 
States of the upper lake region. 

Bulletin P, of the Weather Bureau, gives a chronological state- 
ment of the more important cold periods that have been experienced 
in the United States, and contains charts that present conditions that 
have preceded and attended the principal cold waves and frosts of 
the last fifteen years. 


WHEN TO EXPECT FROST. 


As the conditions which produce damaging frost are subject to 
modifications which are as numerous as the kinds of crops raised, and 
as varied as local topography, local climate, and local soil conditions 
in the various sections of the United States, the writer in attempting 
to treat briefly a subject which is so diversified in its aspects is con- 
fronted with many difficulties. Suflice it to say that with other atmos- 
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pheric conditions favorable for its occurrence frost may, as a rule, be 
expected when temperature, as reported by stations of the Weather 
Bureau, falls to a point 8° to 10° above the freezing point. As pre- 
viously stated, the surfaces upon which frost is deposited must possess 
freezing temperature, although the temperature of the air a few feet 
above the surfaces may be several degrees above freezing; and it is 
the temperature of the air, in some instances many feet above the 
ground, that is given by the Weather Bureau observations. Another 
atmospheric condition favorable for the occurrence of frost is a clear, 


cloudless, and comparatively calm night. The presence of clouds. 


retards radiation or loss of heat from plants; the clouds act as a 
screen in preventing the heat collected from the sun’s rays during the 
day from escaping into the upper air. When clouds are not present 
and a withdrawal of the sun’s rays causes a rapid cooling of the air 
at moderate elevations, the warmer air which collects near the surface 
of the earth during the day rises, and the cooler upper air, owing to its 
greater density or weight, settles to the earth. It will be noted that 
clouds not only prevent the escape of the warm air in immediate con- 
tact with the earth, but also blanket, as it were, the upper part of the 
lower air stratum. Calm or comparatively still air is a condition 
which favors the formation of frost. On windy nights the air is dis- 
turbed and is not permitted to arrange itself in layers according to its 
density, with the densest and coldest air near the surface of the earth; 
it is kept mixed up by the wind. 

A very interesting fact, which illustrates the manner in which cold 
air settles by its greater weight to the surface of the earth and allows 
the warmer air to assume higher levels, causing frost in low grounds 
and granting to the higher grounds a comparative immunity from 
frost, is set forth in the following article, by Prof. Cleveland Abbe, in 
the Monthly Weather Review for December, 1893, entitled Thermal 
Belts, Frostless Belts, or Verdant Zones: 

These are local names given to certain regions on mountain sides within which 
nocturnal frost rarely or never occurs in the springtime, although freezing tem- 
peratures occur in the winter time, consequently tender vegetation flourishes 
with remarkable vigor in these regions. The following are the only references 
to thermal belts in the United States at present known to the editor, but as 
such regions are specially important to the horticulturist and agriculturist it 
is hoped that the correspondents of the Weather Bureau will bring these 
thermal belts to notice wherever they occur in order that their meteorological 
peculjarities may be better understood. 

In the Agricultural Report of the Patent Office for 1861 Mr. Silas McDowell, 
of Franklin, Macon County, N. C., describes the verdant zone in that county 
in the valley of the Little Tennessee River. It occupies the region between 
800 and 700 feet above the valley of the river, which latter is about 2,000 feet 
above sea level. On tracing this zone up among the smaller tributaries of the 
Tennessee River he found that in the higher valleys, where the bottom land 
is about 3,900 feet above sea level, the verdant zone lies between 4,000 and 
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4,100 feet. Within this zone frost never injures the vegetation, and the most 
tender grapes never fail to produce abundant crops. 

Prof. J. W. Chickering, jr., in the bulletin of the Philosophical Society of 
Washington, March, 1883, and in the American Meteorological Journal, vol. 1, 
describes the following thermal belt: “In Polk County, N. C., along the eastern 
slope of the Tryon Mountain range, in latitude north 35, the thermal belt begins 
at the base of the mountain, at an elevation of 1,200 feet above the sea, and 
extends up 2,200 feet, being most perfect at about 1,500 feet. It is about 8 
miles long, and is distinguished by magnificent flora, such as would be char- 
acteristic of a point 3 degrees south of the actual latitude.” 

Prof. John Leconte, of Berkeley, Cal., in Scienée, vol. 1, p. 278, states that at 
Flat Rock, near Hendersonville, Henderson County, N. C., on the flank of the 
mountain spur adjacent to the valleys of the Blue Ridge, he also observed a 
frostless zone. The valley is about 2,200 feet above sea level, and the thermal 
belt is 200 to 300 feet above the valley. 

Mr. J. W. Pike, of Vineland, N. J., states that among the mountains of Cali- 
fornia he has discovered that during the night the cold is much greater in the 
valleys than on the terraces several hundred feet above, due to the settling of 
the cold air, so that a thermal belt is formed at that height separating the frosty 
valleys from the colder highlands, 

In the Tennessee Journal of Meteorology for January, 1894, published by 
the State weather service, the author describes a thermal belt between Los 
Angeles and the Pacific coast. It traverses the foothills of the Cahuenga 
range, and has an elevation of between 200 and 400 feet and a breadth of about 
8 miles. It occupies the midway region of the range. 

In the American Meteorological Journal, vol. 1, Mr. S. Alexander describes a 
thermal belt in which the peach tree flourishes in the southeastern portion of 
Michigan. He shows that the cold island discovered by Winchell in that region 
is really the bottom of a topographical depression into which the cold air set- 
tles. It is a long valley surrounded by a belt of elevated country from 50 to 
600 feet above lakes Michigan and Huron. The valley and the isotherms trend 
northeast and southwest from Huron County through Sanilac, Lapeer, Oakland, 
Livingston, and Washtenaw to Hillsdale County. The highlands of this region 
are all much freer from frost than the lowlands, and all much more favorable 
for early vegetation. He does not state that any point is high enough to be 
above the thermal belt, but that, in general, two equal parallel thermal belts 
inclose the cold island between them. 

It is generally conceded that these thermal belts depend both upon the drain- 
age of cold air downward into the lower valleys and the freedom of radiation 
from the surface of the ground to the clear sky overhead. During a still night, 
when frosts occur, the surface of the hillside cools by radiation, and hence 
cools the air in contact with it; the latter flows downward as long as its cool- 
ing by radiation and conduction exceeds its warming by compression. Inas- 
much as its cooling depends on contact with a still colder soil or plant, it soon 
accumulates in the lowlands as a layer of cold air, which grows thicker during 
the night by the steady addition of the thin layer of descending air in contact 
with the ground on the hillsides. The warmer air, which has not yet had an 
opportunity to cool by contact with the ground, floats on top of the cold mass; 
it spreads out toward the hills, and is continuously furnishing its heat to the 
adjacent hillsides as fast as it comes in contact with them before it also cools 
and descends. The formation of the thermal belt seems to depend largely upon 
this gentle circulation during the nighttime. The lower limit of the belt is 
defined by the depth of the accumulation of cold air in the confined valley and 
rises higher in proportion as the night is clearer and longer, and also in propor- 
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tion as the valley is more or less perfectly inclosed. The upper limit of the 
thermal belt may depend upon the strength of the wind and the general tem- 
perature of the air. But if there be no wind, then it depends equally on the 
freedom of radiation to the clear sky and on the above-described circulation of 


air. 

The facts quoted in this article show that frost may be expected on 
low grounds at times when higher grounds escape the visitations, and 
the lesson they teach is that early and tender crops should, so far as 
may be practicable, be confined to crests, hillsides, and mountain sides, 
and later and hardier crops to the lowlands and valleys. 

Local climate, as it is influenced and regulated by the proximity of 
bodies of water, must be given great weight in calculations regarding 
frost. Frost is less likely to occur in localities swept by moisture- 
laden air which has crossed a considerable body of water. This is 
more especially the case in the fall of the year, when the temperature 
of bodies of water is reduced very slowly; and in the South, where 
the water temperature continues relatively high throughout the year, 
the influence of the water is especially marked. During the colder 
months air is not only warmed in crossing considerable bodies of 
water, but it also absorbs moisture, which, although invisible in the 
form of water vapor, has the effect of retarding the radiation of 
heat from the earth. In fact, so pronounced is the influence of water 
and water vapor that localities which with reference to exposure to 
west and northwest winds are, as it were, in the lee of large bodies 
of water are comparatively free from frost visitations. On the keys 
of the east Florida coast which are protected on the west by lagoons, 
rivers, lakes or bays, frost is said to be unknown, and throughout the 
central and northern sections of the United States, localities which 
are protected on the west and northwest by bodies of water of consid- 
erable size are not only favored, by reason of their position, with con- 
ditions which do not promote the formation of frost, but also receive 
the benefits derived from heavier falls of snow. 

Local soil conditions constitute, to a certain extent, a factor in the 
formation of frost. As a rapid loss of heat is promoted by an active 
evaporation of moisture, it is evident that, with other conditions equal, 
frost is more likely to occur on damp than on dry ground, provided, 
however, that the ground is not too moist, for in the latter event the 
amount of moisture evaporated and added to the air would have a ten- 
dency to retard the radiation of heat from the earth. And herein lies 
the distinction, so far as frost formation is concerned, between moist 
air and moist soil. An excess of moisture in the air, in preventing, 
to a degree, the radiation of heat, is unfavorable to the formation of 
frost. As frost is the moisture of the air in immediate contact with 
the earth condensed at freezing temperature, it follows that the earth, 
from which.the moisture of the air is drawn, must contain more or 
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less water, and it is evident that damaging frost will occur with a 
limited rather than with a large quantity of moisture arising from the 
earth and a moderately moist and comparatively still air. Both of 
these conditions usually obtain following, but not too closely follow- 
ing, the rains of spring and autumn. The character of the soil as re- 
gards its capacity for retaining moisture must also be taken into ac- 
count, more especially during periods of comparatively dry weather. 
Moist soil, and the vegetation which springs from it, is chilled to a 
lower temperature by the evaporation of moisture, and is therefore 
more subject to visitations of frost than soil which is dry, or into 
which water penetrates deeply, leaving the surface dry, or soil which 
sheds the rain and does not absorb and hold water. It is important 
to note, however, that very moist soil, or soil which contains a large 
amount of surface water, is, owing to the quantity of moisture yielded 
to the air, not so subject to the heavy and damaging frosts which visit 
plants on moderately damp ground or ground that has a small capac- 
ity for moisture. 


DATES OF EARLY AUTUMN AND LATE SPRING FROSTS. 


The following table shows for stations of the Weather Bureau 
throughout the aie States dates of first killing frost in autumn, 
and of last killing frost in spring; also the average dates of first 
killing frost in autumn and of last killing frost in spring: 


Dates of first killing frost in autumn and of last killing frost in spring at 
Weather Bureau stations throughout the United States. 


| Date of | Date of | Average Average 














earliest | latest | date of | date of 
Station recorded | recorded | first kill-|last kill- 
; killing killing |ing frost jing frost 

frost in | frostin | inau- | in 
autumn.| spring. tumn. | spring. 

| 

I I i ii ai cian pas sae mneis = calcd aiaipea gel Sept. 3 | June 19 , Oct. 12) Apr. 28 
Wortnfald, Vt. oo <5 5 nn 8 asses nice n en ew acne ngencennnn-| AUG2 Se, | GON. © | eget eee 
ES SIRS aes oh a ntane eee anda omiegante Sept.11 | May 31 | Oct. 18 | Apr..14 
Boston, Mass-_-.......----- aia ated hip cha van piensa Sept.30 |} May 11 | Oct. 22 Apr. 26 
IPI TN nn se eee cacendeienionew nanan Oct. 1] Apr. 24 | Nov. 5 Apr. 10 
Re EI Ro nee ot Ben ce ewanceouamenatnns .. Oct. 30 | May 11 | Nov.16 | Apr. 18 
boive PD) Se ae ness Re ee Do. 
eI Oa sag ra aeanam ema Sept.15 |....do-_.| Oct. 17 | Apr. 20 
RIN I cn a atti Seems eamete Srccbeeees Sept.16 | May 21 | Oct. 6) Apr. 27 
BS, Fe Xai sein since ween cenicdocen sews} CNC | Oe P Gliea ee ee 
WEG OLR Nx. Wace ac oon rc sadeee i censancshsendennenscen| OUREo Ae Ais Gt), Dei Oth eee 
eI Ns on nee wpasocena} OGh., 0) ADE.. 3s | Cee. ae Do. 
ba RS a ea nnn ne ete ae A A ee ae 
PUEDE oan 55 et cde hab tkewaancadacen aa cane gs Oct. 1 | Apr. 25 | Nov. 4 | Apr. 11 
TMI OI fies open ig sesame ee nas ane tacos One Ee oat sr| Apr. 4 
z SINE BION one sos nn gti aig wanes nev et dela met eS Oct. 2] May 11 | Oct. 21) Apr. 7 
ee Boca a eh oe ae Go nn a anne aeons Oct. 4 aay 7 | Nov. 1/ Apr. 14 
RE ONRONNES Wiles craic hain on was eck een oe hn ce ensn gnaw easnacasl Cae 26 | Nov. 12 | Mar. 27 
Wytheville, Va.<--0-- 02-002 Sept.14 | | May 26 Oct. 7 | Apr. 23 
(empire Ole oe en enna ae ge) ORR ee ae) ee Apr. 1 
NURI IG 0 oo chins ielnereenten anidicen mip deotaweiirni mje clasts aay A 7 ac 
PAGCOR OG, Ths OS oe i win Sereige wee eeiwn nee encom macnnccc] NON se O-1 Gee ee | eee ee 
Winnett, Th. Oo as «o-oo acne wenn eos nindn n= cenennaaede-| O86, 16) May. 1 | NOC + eee 
Cee en ee i swnenaenercamnaieumncest MOVs 9 | ADP. D1 Oecee meee 
0 SS SS: Se ene | Se ee ee Ee 
AMINO oo as geophone og insta a enonceiae Sea Oct. 8 |-...do...| Nov. 9 | Mar. 20 
ANI siete ence cicnicsare mine inapeispeniabnas cis agin npcaieiin oem Nov. 1 | Apr. e er Feb. 27 
SIN IR os sascsyacen taco sich scleennean. oie wesstelua indirect Nov.12 | Apr. 6 | Feb. 19 
SI, BR iciirntccrann nen; Scene tea maaan a irenainkaes ater eeratiastaesss Nov.18 | Apr. ? | bee, 29 | Feb. 14 
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Dates of first killing frost in autumn and of last killing frost in spring at 
Weather Bureau stations throughout the United States—Continued. 





Date of | Date of | Average | Average 




























































earliest | latest date of | date of 
Station. recorded | recorded | first kill-|last_kill- 
killi | é 
nok ae ing frost ‘eye + 
St | f in au- n 
autumn.| spring. | tumn. | spring. 
| | 
ak a OD adbanoedinn | Nov. 7 
PT IB oie cence ee SEF ice tat Ge a eae a ; aa: 18 | Movi a is 
Nee ee Oe okie | Nov.28 Mar. 19 Jan ""9 | Feb. 8 
ee eo Sie . | Nov. 12 Apr. 6 Dee. 5 | Feb. 23 
a LORS SATS a ¢ 9 v 4 
Montgomery, Ala___--_----- 3 3 wer. ; Mar. qn 
Biestaren, Miss................ hana ere : 8 Apr. 10 | Nov. 2 Mar. 20 
as ns a caipeiiion ness Saketnueien | 19 Apr. 6 Nov. 12 Mar. 17 
CNIS te gh Siar 2s OS Caer ee | Nov.19 | Mar. 27 | Dee "15 | Ja n. 24 
ie aemuain peg et Ses 20 Apr. "2 Nov 11 Mar. is 
Sg) a ee Se eee ays ad . Bl Apr. 6| Nov. 5 Do 
nd enecd Apr. 14, Nov.10 | Mar. 20 
MMR Ot ae ars ae eee May 30 | Nov. 13 Mar. 13 
Galveston, Tex_ 2 ~~ Mar ‘Y "95 Feb. 5 
San Antonio, Tex | Mar. 20 Nov 30 Feb. 25 
Corpus Christi, Tex_- A ee Mar: 19 | Dec. 25 | Feb. ” 
RTI Ce Sh eae | Apr. 16 | Oct. 28 Mar. 24 
oa ns eee ao aed | May 14 Oct. 24| Apr. 2 
Chattanooga, Tenn_______.__- |___-do__.| Oct, 2 ”D 
I ee re | Apr. 24 Oct. a7 Apr os 
Louisville, Ky_--..--.--_---- | May 14 Oct. 29 is ; 6 
Lextagton, Ky........--. May 20 | Oct. x in 18 
I acad weenie te Apr 21 Oct. 30 AD 10 
Indianapolis, Radiat e725 3 May I Oct. 19 ioe 16 
Cincinnati, Ohio_-___- | Apr. 24 | Oet. 25 | Apr. 14 
Columbus, Ohio | May 17 | Oct. 16 fae’ 16 
OMNI Wie 2S Os May 24| Oct. 8 May 12 
MI Rags te a eee May 22 | Oct. 17 a. 11 
I os iene oni SAREE ERR ET May 29 Oct. 19 yr 26 
Oswego, N. Y- do do do pee 27 
Rochester, N. Y- “Sept 26 “May 30 |_---do_-- May 1 
Buffalo, N. Re Sept.23 | May 25 | Oct. 10| Apr. 25 
Ee - o-- 2 
Cleveland, Ohio_-------..--_- oon 5 May 23 Oct. 1 | Abr. 16 
Sandusky, Ohio_..........-......- Oct. 8| May 2| Oct. 26| Apr. 14 
| arose — ei eas spice aig cia tadieeccetsanuly sled cect nadweditahadee, Sept. 9 | May 29} Oct. 15 ioe 24 
gies stl § 31 | 3 
ei oa ciamsitnaeanemwanaue a eet es , % = » | val 3 
Rinne Mis 8 Bae "| Sept. 6 | June 9 | Sept.26 | May 14 
Derwent Mi Sept. 5 | May 29 | Sept.24 | May 16 
Marquette, Mich._____ "ESSE Rees = "| iee. | dome 1 | Oct. 8 | May 35 
Escanaba, Mich ; 9 June 16 | Oct. 1] aay i4 
ae. 16 May 30| Oct. 4|May 5 
Grand Haven, Mich...........-...... "93 | May 28| Oct. 10| Apr. 28 
Milwaukee, Wis. __-__. | May 29) d | ior m1 
Chicago, Tll__- = 18 | do Get. 15| Apr. 18 
Duluth, Minn___- stats as | deuw | Oct. eo 3 
Minneapolis, Bilan = 226° 1B May 20| Oct. 8 | og 27 
St. Paul, Minn... "20 May 25 | Oct. 5| May 6 
Madison, Wis..-.-.._-_----_- “30 | May 13 | Oct. 17 | Apr. 21 
La Orosse, Wis--..--....------- "2 June 23| Oct. 8 May ” 
Dubuque, Iowa_----- ee "97 | May 21 | Oct. 12 ine, 19 
Davenport, Iowa-__---__- . "18 May 22 Oct: 14 | Apr 22 
Des Moines, Iowa_-____-- aoe 12 as Oct. 8 | ie. 28 
Keokuk, Iowa_-.---__- wees $ "18 May 2| Oct. 17 | Apr 3 
Hannibal, Mo_-_--_----- pa tetihat 80 May 14 | Oct. 1b — 4 
Springfield, Tl... : 35 | May 32 | Oct. 16| Apr. 90 
ae DP apace SEE <2 Seat, Sea Sed Fe, gine Sept 20 i Oct. 27 oy 2 
a ro, RN pee ak Ree eS ds ial SD nd ee . Oy oad 30. > : 90 
Springfield, Mo--_---- RENT consonant ene May 13 | One: a = 16 
Columbia, Mo----.---- IY Re tebe RSE ak bo Cee sek __.| Sept. 28 Ma 6 Oct. 15 a a 
Kansas City, MU A cet ae Se hea hoe 23 Oct. 29 | io " 
teas ile sap rcs icin bbw hkies mins ea wae oy t. 1 ; 
Wichita, Kans-_-_-. ~~ SLA SER STS tS Bent: = | reed » par ; | rok ; 
Concordia, Kans- ie cs | Sept.27 | Mo 19 | Oct. 14 a = 
= — : EEE : mis 18 |. ae. Oct yw = ib 
incoln, Nebr. BR dene a ker et es M * “9 | Apr. 1 
Valentine, Nebr__.--_- PaO es eset Sept 28 | “May a ee s . = 
NA TO aa __..| Sept 13 | May 21 Sent. 23 | = 3 
SUI ie ck chs cota Acute | June 8 | Sept.20 | May 18 
IRE Il ee ag ers 12 | May 19| Sept.30 an. > 
Moorhead, Minn_--- eae ed ets “05 | Jue 8 | Sent's2 | — = 
Bismarck, N. Dak- : Aug. 17 Jun 3 Sept.15 aor 15 
Williston, N. Dak__-..- aor, 18 jen 10 | Sent 14 | May . 
Mavre; Mont... | Aug. 14/ June 6 | Sept.18 | May 4 
Helena, Mont Sent. 6 | June 9 | Sept. ay 10 
(| Sept.25 | May 10 
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Dates of first killing frost in autumn and of last killing frost in spring at 
Weather Bureau stations throughout the United States—Continued. 


Date of Date of | Average | Average 

earliest | latest | date of | date of 

Sistion recorded | recorded | first kill-|last_kill- 

5 . killing | killing |ing frost ing frost 
frost in | frost in | in au- in 

; autumn.| spring. | tumn. spring. 














| | 

Hanid Cite; 8: Dak... ~~... <2 nn cs ecwdunnen 4 BODES | Map 2) Bae | wees 
TARO WGC cisetnieos a= Eicon cate ae Aug. 23 | June 18 | Sept.11 | May 19 
Salt Lake City, Utah.___._- cis estmas insite uch ivsnes Siete tngwinecacen etd HO dees Se re 
Grand Junction, Colo_______- Ree ee Oct. 29 Apr. 11 
Cheyenne, Wyo-_-_-....-_--_- 3% Sisla incank Stasi costal paula Aug. 29 | June 11 | Sept.16 | May 22 
North Platte, Nebr_._______- a eeniibadsaae Sept.10 | May 23 | Sept.28 | May 1 
i a eee vain sca omaaewaisas uimucineweaecwnn| aa [ne ) as © 0-0 cee 
Amarilio, Tex............- eee OE RE a 
Ps COND. onc Sons os nn nh cece eenwewrant ee Beee el Se) ann eee 
ee ONG oo 5 i a aad eget oe et | Sept.23 | May 11 | Oct. 15 Apr. 17 
Oklahoma, Okla_.-- PIER ATS te accomeucncucnen-| GGs. ¢ bans On) GROG. O06 Aue oo 
Fort Worth, Tex......-. ses wi cba win sor setenv to seca tf AOE I 0 ae 
pa aes saves ecas bcteimetieiaettea | Oct. 25} Apr. 16 | Nov.15 | Mar. 15 
PR ON ee oo Pino atace _anocneacace-----}| Ott. 3 | Ape, 22 | Nov.10 | Mar. @ 
Santa Fe, N. Mex-.-__--_--__- Se ate ee ee | Sept.28 | May 18 | Oct. 19 Apr. 15 
NI acetone inci iohveg vin vases iw oo agen oeaiaknee aaa ne None. None. None. 
ION BR nn iene qe aries ws eain aes ES eh 
Spokane, Wash... .-.------ 5. ns ene nent Se ECO 8 eee ae) Mee 
IS PIII NUNN ct cdea ah abeeliap llega | Sept.28 | May 3) Nov. 1/ Apr. 6 
RS Sr nk. cbecacentonknusedewsnmnaguadesd Seviatebiadince Oct. 18 | May 10 | Nov. 22 | Mar. 21 
Portland, Oreg_---.---- eee ae Oe 
Tatoosnh isiand, Wash......-..... .-----.- 2 ewacncacnnn} OWs, 2 | BR 2a) ees 2 | eee 
Roseburg, Oreg-_---- ee park. a ee | May 16 Oct. 30 Apr. 15 
Baker City, Oreg------------ poe ------------.------.. Sept. 4 | June 24 | Sept.27 | June 3 
Winnemuces, Nev..._........-..--...---..-....-+-—-.s_~-<.s...| ARG, 2 ae SE) Bee. ae oe oe 
I inc Oo ceed cicniancn eon pce ae Nov. 7| May 1) Dec. 8/| Apr. 2 
. “if or petanadoignetateskiees a nr ee Xk ee Oe 
Sacramento, Cal_..--.--- win einen sin ster tnd wis cw rs ces chains oem) I ee a 
San Francisco, Oal_.....--...--..----------.------------------| Dee. 20 | Apr. 20| Dee. 13 | Jan. 25 

3 - Nov.18 | Apr. 14 | Dec. 15 | Mar. 4 





PE ON oe oven tigicdnnoeesedes mien ais éoeeents 


San Luis Obispo, Cal__.-_-._.-..-..--...-......--.-...--.-----. Nov.19 | Apr. 9| Dec. 17| Mar. 17 
Be NT I alia oc oie cenchcipsnlas nnn dana nemaae came None. |....do...| None. | Apr. 8 
ae Ry Circe cas sc ecitocalatdnaiel ._. None.| None.| None. None. 





PROTECTION FROM FROST. 


A discussion of methods of protection from frost calls for a consid- 
eration in great detail, not only of the several approved processes of 
Rrotection and the extent to which they can be applied in connection 
with the various crops, but also the value of these processes under the 
varying conditions of local topography, local climate, and local soil 
conditions. 

It is evident, in the light of the foregoing statements, that fruit and 
vegetable growers in rolling and hilly country, or when located in the 
lee, as regards west to northwest winds, of bodies of water, can, to some 
extent, so place in their earlier and tenderer fruits and crops that they 
will, in the first instance, avoid the lowlands and valleys, and in the 
second take advantage of the more moderate and moist air that crosses 
water surfaces. For further protection the grower must depend upon 
artificial appliances. These appliances are designed to produce the 
following effects or results: To prevent a rapid radiation of heat from 
the earth; to charge the air with moisture; to warm the air; to create 
artificial drafts, whereby the air is mixed and the cold air is not 
allowed to settle to the surface of the earth; or to actually cover or 
roof in plants. 
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DEVICES FOR PREVENTING RAPID RADIATION OF HEAT. 


Devices designed to prevent a rapid radiation of heat from the earth 
include screens which can be drawn over plants, vineyards, and groves; 
loose substances with which low plants may be covered; and smudge 
fires built to the windward of areas for which protection is desired. 


These devices, which of a necessity are operative for very limited 
areas, are described by Professor Hammon in Bulletin No. 23, 


Weather Bureau, as follows: 

Glass screens.—In greenhouses and hotbeds advantage is taken of the pecul- 
iar property of glass which allows the heat rays of the sun to pass through it, 
and is almost impervious to the dark heat rays from the earth and plants. 
This is one of the most perfect screens possible, since it not only prevents the 
loss of heat by radiation, but receives and retains the heat from the sun. The 
expense precludes its adoption except for the protection of valuable plants 
and flowers. 

Screens of other solid materials have been quite extensively used in protect- 
ing vineyards and citrus groves where intense cultivation is practiced and 
where the location of the groves near an excellent market admits of profit 
even with expensive methods of cultivation. 

Cloth screens.—In Italy and portions of France screens made of muslin strung 
on wires stretched on poles above the tops of trees or vines have been used 
extensively. These screens are drawn on nights when frosts are probable, and 
are pushed back during the day. When the season has advanced so far as to 
preclude further danger, they are taken down and stored. Of course such a 
plan could be operated only on a very limited scale, and would then be ex- 
pensive. This plan has been recently successfully tried in the orange groves 
of southern California. 

Lath screens.—During the past few years screens made of laths fastened to 
ordinary telephone wire (the spaces between them being about the width of the 
laths) have been extensively used in Florida. These are spread over a frame 
erected above the trees or plants. The screens serve not only as a fair protec- 
tion from, frost, but also as a shade from the hot sun. When no longer needed, 
they can be rolled: up and stored away for preservation. At first thought it 
would seem improbable that a screen covering only half the space (the spaces 
being as wide as the laths) would afford much protection; but when it is con- 
sidered that laths have considerable thickness it is plain that while only one- 
half the vertical rays are screened those inclined between the vertical and 
horizontal are partially intercepted by the edges as well as the faces of the 
laths. As a matter of fact, about three-fourths of the sky is screened by this 
means. By placing the laths in north and south directions the direct rays of 
the morning sun are completely cut off from the orchard, which admits of the 
temperature rising slowly. This reduces the liability of injury to plants. 

Other methods.—Strawberries and other low plants are frequently protected 
by covering them with straw or other loose substances. 

Frequently young potato plants are saved by plowing a furrow alongside and 
allowing the dirt to bury them. 

Cranberry growers in the marshes of Wisconsin flood the marshes when frost 
is expected. In this case the protection is probably due, for the most part, to 
the high specific heat of the water, as only portions of this land are submerged. 

Smudge fires.—Since on cloudy nights radiation is so reduced as to prevent the 
formation of frost, many have thought that an artificial obscuration of the sky 
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by means of dense smoke would be an excellent means of protection. The 
efforts of this character which have been made have resulted in decidedly 
varying success. In the wheat fields of the Dakotas excellent protection was 
obtained in limited areas, while the experience of orchardists in Florida and 
southern California has not shown such uniform success. 

Since it was supposed that the protection resulted from the obscuration of 
the sky by means of smoke, the best protection was expected from the use of 
that fuel which would produce the greatest smoke. 

In the Dakotas the best and most convenient material at hand was the straw 
of the previous year’s crop, which had been left in the fields all winter and 
through the rainy spring, until it was quite thoroughly soaked with water. 

In southern California and Florida straw was scarce, and where it could be 
obtained it was much drier than that used in the Dakotas. Consequently tar, 
crude petroleum, and other similar smudge materials were substituted; but 
the results have not been, as a rule, satisfactory, although the smoke was 
equally dense. However, quite successful results were obtained by Mr. Buck, 
Mr. La Rue, and others in the Vacaville and Sonoma sections by burning damp 
stable manure in sacks scattered throughout the orchard. 

Devices for preventing a rapid radiation at night of the heat ab- 
sorbed by the earth during the day can be utilized only for compara- 
tively small areas. The screen devices, also, by reason of their cost, 
are available only for the smaller orchards and vineyards whose prod- 
ucts command early market prices; the same may be said of coverings 
of straw and other materials for strawberries and other low plants. 
Smudge fires can be used to advantage for orchards, vineyards, and 
ground plants, and even for the smaller grain fields, and would be 
particularly efficacious in protecting crops and plants in low or bottom 
lands over which, on still nights, the smoke from smudge fires would 
settle. There is no device at present known that will, by preventing 
a rapid radiation of heat, afford any material protection to the great 
grain fields of the West and Northwest. 


DEVICES FOR ADDING MOISTURE TO THE AIR. 


Smudge fires made of damp material have been more successfully 
used for the purpose of affording protection from frost than those 
made of tar, crude petroleum, and other dry materials, for the reason 
that in addition to creating a dense smoke they add to the atmosphere 
a considerable amount of evaporated water, which, though invisible, 
serves-to retard the radiation of heat. When any considerable 
amount of water is thus converted into vapor and is distributed in 
the air which covers the area to be protected, a portion of it is likely 
to be condensed by the surrounding cooler air and appear in the 
form of mist, which acts as an agent to prevent the escape of heat 
from the earth; and the act of condensation sets free in the air some 
of the heat that has been expanded in the process of evaporating the 
water contained in the smudge-fire materials. Thus the process is 
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well ordered throughout. In the first place, an undue quantity of 
heat, whereby undesirable drafts would be created, is not communi- 
cated to the air by the fires, and the final result is that in reliberating, 
by condensation, the water in the air the particles of moisture remain 
suspended in the air, and some of the heat of the fires is returned to 

‘the air in a form which, to a certain degree, warms it without caus- 
ing currents which would be calculated to disturb the smoke cloud, 
or pall, and the moist air which overlie the ground and upon whose 
presence the safety of the plants from frost depends. 

As smudge fires made from damp materials are one of the recog- 
nized devices which have been found to be more or less effective in 
affording protection from frost, the following description of methods 
which have been adopted for utilizing them in orchards is quoted 
from Bulletin No. 23, already referred to: 

Fires of damp straw and stable manure.—Have the fuel, in small piles, dis- 
tributed throughout the orchard in advance; the more numerous the piles the 
better. With the same amount of fuel the best protection is obtained from small 
and frequent fires, since with small fires the upward draft is reduced to a min- 
imum, and the more frequent the fires the more uniform will be the distribution 
of heat. 

Sacks of manure.—A decidedly preferable method is to pack damp stable 
manure in common grain or burlap sacks, by which it can be conveniently 
handled. They should be distributed through the orchards in rows about 100 
feet apart and about 50 feet between sacks in each row. When it is found neces- 
sary to protect, a small amount of coal oil is poured upon each sack and ignited. 
It is usually unnecessary to fire more than every second or fourth sack, the re- 
mainder being left for later occasions, These sacks will burn with a smoldering 
fire for several hours. 

The amount of heat which is set free by burning one sack of manure weighing 
about 50 pounds and condensing the water vapor near the earth would be sufli- 
cient to raise the temperature 20° in a space 75 feet square and 25 feet deep. If 
one-fourth of this heat remained within this region needing protection, which 
seems to be a reasonable estimate, ample protection would be obtained for almost 


any ordinary conditions. 

Bales of wet straw.—Mr. T. A. Morrison, of Riverside, Cal., suggested the use 
of a similar plan, in which bales of wet straw were substituted for manure, 
This plan has been tried with fair success. One hundred pound bales are cut 
in four pieces, a tie wire being left about each piece, and if properly dampened 
will burn with but little care, causing a small smoldering fire. 

Prunings.—The prunings of the trees, which are usually removed shortly be- 
fore the period when frosts are likely to do their greatest injury, are excellent 
smudge material, and should always be preserved for this use. They should be 
piled in open spaces throughout the orchard or vineyard and burned at times 
when protection may be needed. The best results will be obtained from as 
small fires as will result in burning the prunings. 


Portable smudge fires—A number of excellent devices have been 
tried, in which the fires were built upon some vehicle by which they 
could be moved about the orchard. The advantages of this plan are 


several. 
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First. The fire can be moved to-the section where most needed, 
which is generally along the windward side of the orchard. 

Second. The loss of heat by an upward draft is almost entirely pre- 
vented, since the fire does not remain in one position long enough to 

% establish such a draft. On this account much larger and, conse- 
quently, fewer fires, with equal efficiency, are possible. 

Third. There is a much more uniform distribution of heat and 

} smoke throughout the orchard. 
As smudge fires prepared and applied in the manner above indi- 
J cated are inexpensive, to a degree effective, and easy of operation, 
they constitute the method which for practical use and utility seems 
best adapted for general use in orchards, vineyards, gardens, truck 
farms, and small fields, as a protection from frost. Among the many 
devices that have been employed for holding and carrying these fires 
the following has been used with especially satisfactory results by 
a fruit company of Visalia, Cal., and will doubtless prove equally 
effective in other sections: 

Wire frames (chicken-yard fencing) are built on low truck wagons and 
stretched from four wagon stakes and heaped over with wet manure. Dirt is 
then thrown on the wagon beds to protect them, and pots of burning tar are set 
underneath the straw roof. <A barrel of water on the wagon is used to keep the 
straw wet. The wagons are driven about and do the best work, as they can go 
wherever the most needed. The smoke and vapor are carried to the rear as the 
wagon moves, and, being carried at once out of the rising heat, fall close to the 
ground in a long, white trail. At daylight 400 acres of orchard are covered 
with a white fog, extending from the ground to about 20 feet high. Similar 
fires are used as stationary smudges, the wire netting being stretched between 
four stakes driven in the ground. 

Crude petroleum, supplied to a burner from a tank on a wagon or 
truck, has been used with success by Mr. R. H. Howard, of Riverside, 

‘al. Over the burner is placed a large wire basket containing min- 
eral wool, which is kept saturated with water supplied by a tank, also 
placed upon the wagon. Wet straw and manure can also be used. 

} The apparatus can be driven where most needed. The burning coal 

] oil gives off a dense smoke, while the wet mineral wool furnishes a 
rast surface from which evaporation can take place, and at the same 
time the material will not be consumed. 


DEVICES FOR CHARGING THE AIR WITH MOISTURE. 


Aside from the smudge fires, Bulletin No. 23 quotes devices which 
have been adopted to charge the air directly with moisture, some of 
which are constructed on a plan too elaborate and expensive for gen- 
eral use. 

The first operation involved is the evaporation of water in large 
quantities, either by means of evaporating pans or by the use of boil- 
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ers with connecting pipes whereby steam can be generated, carried, 
and thrown into the air in different parts of a field or orchard. 

Spraying and sprinkling plants in times of threatened frost has 
also been attended with some degree of success. At the Everest 
ranch, at Riverside, Cal., sprinklers are placed at the top of 50-foot 
masts, which fill the air with a very fine spray. In nearly every in- 
stance the protection against frost by this method has been sufficient. 

Sprinkling gardens before sunrise on frosty mornings has proved 
of decided value. 

Secondly, irrigation, which of necessity can be used only to a very 
limited extent and in certain favored localities, has been found to 
afford very complete protection from frost in fields, orchards, and 
vineyards which are equipped with irrigation ditches, and in the 
cranberry districts of Wisconsin perfect protection from damage by 
frost is secured by flooding the cranberry marshes the day before 
heavy frost occurs in that section. 

In no case should water be allowed to stand in orchards, vineyards, 
or gardens during the early growing period while danger from frost 
is possible, for the reason that water unduly promotes the growth of 
young plants and thereby renders them more susceptible to damage 
by frost and cold than are the plants whose growth is retarded. 

The third operation involved in the California experiments was a 
direct heating of the air by means of fires. It was found that large 
fires caused a strong upward draft of air, which had the effect of 
drawing in cooler air from the sides, and that well distributed small 
fires were attended by very satisfactory results. 

The following final report of the Riverside Horticultural Club 
covers the results of experiments made during the winter of 1897-98: 

With the assistance of fifteen or twenty citizens interested in the study of the 
points involved, a most complete test has been made of the many different meth- 
ods employed to prevent frost damage. With such a force of competent and im- 
partial observers it was possible to secure data of much value in forming an 
estimate of the efficiency of the various plans made use of. Careful comparison 
was made between those orchards where no work was done, and where no direct 
effect of the fire was probable, and those where the different methods were 
being tried. As indicated by our partial report at the last meeting of the club, 
these tests were in some particulars eminently satisfactory as showing the way 
to definite conclusions. 

The exceptionally long period of cold following gave additional opportunity to 
verify the first conclusions reached, and subsequent investigations made by our- 
selves, as well as by other citizens who have awakened to the possibility of pro- 
tecting their property, strengthened and confirmed the opinion formed as the 
result of the tests already partially reported upon. 

Some theories are proved to have little practical value, and members of your 
committee have modified their views somewhat in consequence. No precon- 
ceived notions have been allowed to stand in the way of a thoroughly practical 
study of the facts as they exist, to the end that the growers may not, for the 
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lack of definite knowledge as to the directions their efforts should take, neglect 
reasonable precautions hereafter to insure the safety of their crops. These, 
however, are our conclusions: 

First. There is no doubt whatever that the temperature of our orchards may 
be materially raised by the use of dry heat. 

Second. The radiation of the earth’s heat can be considerably lessened by 
moist smudges, when these are started early enough and are properly managed. 

Third. The possibility of raising the dew-point on one of the dry, cold nights 
peculiar to our climate sufficiently to prevent damage, by means of steam-pro- 
ducing apparatus, seems impracticable. 

Fourth. Fruit and trees can undoubtedly be saved, even in the coldest see- 
tions, by covering them with cloth or matting, but the expense involved makes 
this method impossible on the part of the ordinary grower. 

Fifth. It is found that the temperature in an old seedling grove, or where tall 
wind-breaks afford to smaller fruit trees a like protection, the temperature is 
almost invariably 1° to 2° higher than in exposed orchards in the immediate 
neighborhood. This fact seems to thoroughly upset the theory, strongly held 
by many intelligent growers, that the tall, well located wind-break is a disad- 
vantage, the contrary seeming to be the truth. 

Sixth. It is found that the temperature 20 feet above the ground is 1° to 2° 
higher than at the surface, and that, as a rule, when the cold is severe enough to 
injure the ripest fruit 50 feet from the ground there is almost invariably a tem- 
perature above the freezing point of water. 

Professor Zumbro, who has given especial attention to this matter, finds that 
at the height of 50 feet the temperature is from 5° to 10° higher than at the 
surface when the air is not in motion. When there is any considerable breeze 
it varies but little. 

Seventh. Our conclusion is that, all things considered, the coal baskets, sufti- 
ciently numerous, will prove the most satisfactory and effective means of warm- 
ing the orchards yet made use of. It is true the oil pots make a far hotter fire, 
and are neither expensive nor difficult to manage; but the deposit of lamp black 
upon tree and fruit resulting from their use condemns this system for general 
use. 

As to the value of smudging the members of your committee are not so well 
agreed. Because of less sharply defined results, we find it more difficult to 
come to definite, at least uniform, conclusions. But, under certain conditions, 
we are convinced that, properly used, it may be made a valuable means of pro- 
tection. We think this especially true in localities where the temperature falls 
only a little below the danger point, and where there are considerable solid 
areas of young orchards exposed. Here it will work weil if the protection is 
made general. But where the danger is considerable we think it wise to be 
prepared to use dry heat, even where in connection with the smudge. The bene- 
fit from smudging is probably as much from its protecting fruit and trees from 
the sudden rays of the morning sun after a freezing night as from modifying 
temperature during the time of danger. 

Experience demonstrates that flooding or running water in connection with 
dry heat or smudging is a valuable adjunct. One of the committee who has 
been testing this matter carefully for three years is disposed to think that the 
direct benefit from running water is overestimated by a majority of growers. 
Its value in putting orchards in condition to withstand quite severe weather 
safely is questioned, but the committee are inclined to think that entire depend- 
ence upon this method will occasionally result in serious loss to those who trust 
to this means alone, especially when used in young orchards. 
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As to the number of baskets needed when coal is used, we find that the most 
decided and satisfactory results have been gained where from twenty to fifty 
coal fires have been used to each acre. If intelligently and energetically used 
this plan will never fail, except when the mercury drops below 24° for a long 
while, and even then it is believed the larger portion of the crop may be saved 
if anything like a general use of such fires be secured. The smaller number of 
fires named has, in numerous instances, and even when a man was working 
alone, secured a rise of from 3° to 5°, and saved a crop. Can it be doubted that 
50 fires per acre, used in every orchard, would save both trees and crop on the 
coldest night ever known in California’s history? 

To equip an orchard with 50 baskets to the acre means an outlay of only a 
little over $5. The fuel to run them one night costs from $2.50 to $3. If a 
crop of navels upon it is worth $400 it will pay well to spend in labor and fuel 
$4 per night, or 1 per cent on the value of the crop to insure its safety. In the 
orange region of southern California it is not unusual to have more than two or 
three nights in a season when the fruit is in danger. But even if, as in the 
present season, the period of cold is more extended will it not pay to expend at 
least as much as one pays for his irrigating water to insure the safe maturing 
of a crop it has cost him a year’s labor and heavy expense to produce? The con- 
clusion is obvious that we bave only to provide for the insurance of this sort of 
property exactly as we would in the case of that liable to destruction by fire, 
to be enabled to follow the business of orange and lemon growing with the 
certainty of having perfect fruit to market at the season’s end. 

While the practicability of protecting our orchards from frost seems estab- 
lished, the problem of the most economical and scientific means of accomplishing 
this is probably yet to be solved. However well the wire baskets may serve us 
now, there will doubtless be improved method for burning coal, and even other 
material may be found that will serve the purpose better; and while wet straw 
seems to be at present the most available for smudges, doubtless, when the 
need is made known, chemists will find some vapor-producing material more 
compact, efficient, and economical. Hence we recommend that the club appoint 
a permanent committee to continue these investigations. 


GENERAL OBSERVATIONS AND PRACTICAL RESULTS. 
WORK IN TEXAS. 


In a paper read before the annual meeting of the Texas Farmers’ 
Congress and Texas State Horticultural Society in joint session at 
College Station, Tex., July 26, 1899, Mr. Joseph L. Cline, observer, 


Weather Bureau, submitted the following remarks on “ The use of . 


frost and temperature warnings in protecting fruits and truck gar- 


dens: ” 

It has been proved that a good way for protecting berry crops is to cover with 
hay. Berries are improved by mulching. Prairie hay used for this purpose can 
be cut and placed in the fields, ready for covering the plants when frost is indi- 
cated, at a cost of about one dollar a ton. Ten tons per acre are considered 
sufficient for protection against any freeze. The cost of labor for cover- 
ing the plants would be about two dollars an acre additional. As the hay 
is required for mulching, the cost is considerably lessened when the hay is 
utilized for that purpose. Berry crops which were covered prior to the freeze 
of last February yielded four times as much as unprotected plants, and unpro- 
tected plants were generally killed. Cabbage, potatoes, and other vegetables 
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can be protected from frost by hay, and the increased yield will more than pay 
for the expense involved. Rice growers along the east Texas coast can raise 
vegetables throughout the winter on their rice plantations by protecting them 
from frost. The plantations can easily be flooded during freezing weather, 
which is always of short duration, and the water would protect and do very 
little or no damage to the vegetables, which are remunerative during the winter 
season. 
* a * * * * * 

The method of burning stakes soaked in petroleum or kerosene oil throughout 
the fields can be applied not only to the protection of maize, but fruit orchards 
as well. By means of burning stakes fields will be enshrouded, when the wind 
is light, in a continuous cloud of smoke. This will, in many instances, prevent 
frost from occurring. The stakes must not be set so close to the fruit trees 
that the heat wil! affect the branches. 


* * * * * * Pa 


In France frost bells are sounded when frost is expected, and grape growers 
protect their crops by pouring tar on the ground among the vines and setting it 
on fire. The smoke thus made often saves the crop of an entire vineyard. 
Bituminous coal burned in baskets is less expensive and has been successfully 
used. Forty to fifty baskets of coal per acre are required, and the more used 
the better would be the result. Strawberry crops can be protected in this man- 

.ner at a cost of $4 to $6 an acre. - 
* * * * * * # 


The following letter from Capt. B. F. Johnson, president Gulf Coast Horti- 
cultural Association, gives an idea as to what can be done in protecting crops 
[by showing what was done in February, 1899]: 

“T was in Galveston, Tex., on the morning of February 11, 1899, and upon 
hearing that a freeze was expected I called at the United States Weather 
Bureau office, and was informed that the hardest freeze of the season was 
threatened. I immediately gave orders over the long-distance telephone to my 
employees at Arcadia to cover up all hotbeds and also all plants already trans- 
planted. All the plants in hotbeds were carried through the freeze by protection 
and saved from injury. I had about 7,500 cabbage plants set out, and on- 
account of my employees not going to work as directed we did not reach these 
until ice had formed over some of the plants. I took the first train out of Gal- 
veston, which was in the afternoon, and upon my arrival at Arcadia we con- 
tinued protection, notwithstanding the fact that ice had already formed over 
the plants. We placed a handful of hay over the north side of about 1,000 
cabbage, and at least 750 of these came through the freeze uninjured, while all 
the unprotected were killed. The varieties protected were the Jersey-Wake- 
field and Henderson-Succession, and I could see no difference between the two 
after the freeze. Had my employees carried out the instructions given them in 
the morning I would have saved 75 per cent of the 6,500 unprotected plants 
which were killed, and this would have yielded me about $150 net. I had 1} 
acres of Irish potatoes planted in January, which were up to fair stand. These 
were not protected and were all killed. I had about one-sixteenth acre planted 
with hand planters the 1st of February. These were protected with vines from 
old sweet potatoes grown on the ground the previous year. Fully one-eighth 
of these came up after the freeze with this light protection, and thus enabled 
me to put the first potatoes on the Texas market, and they brought me $3 a 
bushel net. If I had been prepared and protected the 1 acres planted in Jan- 
uary I would have received a nice little sum, and more than ten times the 
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cost of protection. Strawberries not mulched were virtually killed, while those 
mulched made an average crop. The great value of protection to berries in 
case of freezing weather has been forcibly illustrated. The entire crop of early 
berries (the only berry crop which pays well) would have been a total failure 
without protection.” 

* * * * * * * 

The following communication of Mr. M. M. Cox, president of the League City 
Truck Growers’ and Farmers’ Association, League City, Tex., gives further the 
manner and value of protecting crops from the frost and freeze during the ab- 
normally cold weather of February 12 and 13, 1899. Mr. Cox says: 

“T had two acres of strawberries—Noonan and Mitchell varieties—which 
were blooming and fruiting nicely. In anticipation of a freeze we placed hay 
for mulching purposes between the rows, which were about 3 feet apart. Upon 
the receipt of the telegram, Saturday morning, February 11, 1899, announcing 
the approach of a freeze, I got word to the man who had charge of my berry 
crop. He immediately went to covering the vines with hay previously placed 
in the berry patch and succeeded in covering 20 rows. The vines of the pro- 
tected berries were practically uninjured, while the unprotected plants were 
frozen to the ground and many of them totally killed. From these 20 rows, 
about one-fourth acre of protected plants, we picked berries nearly three weeks 
before the unprotected berries were ready for market. The one-fourth acre 
of protected berries yielded me more than the remaining 1? acres altogether. 
In fact, we got the bulk of our crop—a little more than $300 net—off. this one- 
fourth acre. If we had used more hay for covering we could have saved the 
blooms and berries already on the vines notwithstanding the severity of the 
freeze, aS some berries were saved as it was. 

‘‘Others in League City protected berry crops with the same results as those 
which attended our protection. 

““Hotbeds protected for ordinary freezes were killed, but some put extra 
covering on the beds, using blankets, and thus saved their plants without in- 
jury. Those who protected in this manner were setting their plants in the field 
while others were sowing seeds in the hotbeds, and were thus at least. four 
weeks ahead with their crops for the market. 

“The warnings of the Weather Service promise much for the coast country.” 

Mrs. C. W. Benson, Alvin, Tex., in writing of protection of crops, says: 

“In past seasons the advance notices of frost and freezing weather given out 
by the United States Weather Bureau have been distributed among the truck 
growers by messenger service, and by this means have saved our planters who 
protect their crops thousands of dollars. 

“In 1899 all crops were carried through safe until the severe freeze of Febru- 
ary 11, and in several instances tender crops were successfully protected and 
carried through this freeze even when the mercury stood at 4 degrees above zero 
or 28 degrees below the freezing point. The principal crops protected were 
tomatoes, cucumbers, cabbage, and strawberries. The three first mentioned 
were still in hotbeds or cold frames, and were protected by covering with hay to 
a depth of about 1 foot, over glass or canvas. Berries were protected by turning 
over mulch and covering up plants from 4 to 6 inches in depth. This mulch had 
already been placed between the rows to retain moisture and keep the berries 
clean on plants. This protection did not save blooms, but the plants so pro- 
tected came through the freeze with much less damage and produced more fruit 
than the unprotected plants. I judge that the protection was fully worth $30 
per acre, as prices of berries remained firm all through the season on account of 
general scarcity of fruit. About 25 acres were thus protected from the freeze. 
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“The value of the tomato crop saved through protection from this freeze 
averaged fully $125 per acre in spite of the subsequent drought, which extended 
from February 14 until after the crop was marketed, with the exception of a 
few slight showers, which were insufficient for general growth of plants. With 
rain as in an average season the crop would have paid $250 per acre, and enough 
plants were carried through this freeze by protection to set 17 acres. 

“About 200,000 cabbage plants were carried through this severe freeze of 
February and successfully transplanted. These would have netted the growers 
$8,000 with sufficient rain during the growing period. ‘The value of the cucum- 
ber crop from actual results was about $1,000, which would have increased 
1,000 per cent in an ordinary season, but they were held back for lack of moisture 
until the north Texas crop was on the market, as cucumbers which sold at from 
40 to 50 cents per one-third bushel box would have netted from 75 cents to $1.25 
per dozen. 

“Protection of crops enables the grower to generally reach the first markets, 
but without the advance notices of frost and freezing weather it would be im- 
practicable to protect; our people would bear the expense of the warnings 
rather than do without them.” 


WORK IN LOUISIANA. 


Probably the most extensive experiments for the protection of 
citrus fruits in the Southern States have been conducted in a large 
orange orchard near Diamond, La., under the management of Mr. 
Hewitt Chapman. In the Report of the Louisiana Section of the 
Climate and Crop Service of the Weather Bureau for February, 
1899, this grove and some of the methods employed to protect its 
crop are described by Mr. Alexander G. McAdie, of the Weather 
Bureau, as follows: 


The orange orchard is about 43 miles south of New Orleans, near the river, 
and about 20 miles north of what is considered the safe orange belt of Louisi- 
ana. The grove covers 130 acres and contains 15,000 trees, including Creole 
Sweets, Mandarins, and Satsumas; sweets budded on Trifoliata and Pomeloes 
on sour stock. These young trees withstood the frosts of January 1, December 
4, 9, 10, 11, 1898. The writer visited this grove on December 11, when ice one- 
quarter inch in thickness could be found along the roads and in exposed 
places. The orchard is irrigated by means of river water carried over the levee 
by a direct-acting pump, 6 by 8, worked by a 40-horsepower boiler. The 
pump dispenses with belt, pulley, and engine. To flood the whole orchard of 
50 acres to a depth of 1 inch would require 5,650 tons of water, or 1,357,700 
gallons. Barely one-hundredth part of this quantity of water is required. The 

rater pumped from the river over the levee goes into a main ditch, from which 

run subditches, each subditch feeding two small inlets through the orchard be- 
tween each line of trees. The distance between the trees averages 12 feet. The 
middle ground is cultivated and level so that the water can run in a steady 
stream to and out through the quarter drain into the drainage ditches which 
are 1 acre apart, running parallel into the rear canal. 

The grove has a northern exposure; fronts on the river; the iand runs west 
and east, falling slightly from the river; and there are no wind breaks. It is 
also proposed at this orchard to experiment with the various types of smudges. 
One portion, about 10 acres in extent, will be protected by smudge fires, some 
portable and some stationary. Im another section, covering about 30 acres, 
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the bodies and lower portions of the orange trees are to be wrapped with native 
hay. In the third section the dirt is to be hilled up about the trees; while in 
the fourth the trees are to be wrapped with floor matting. 

In the methods described above for the protection of trees it was thought that 
colder weather than that of February, 1895, was net likely to occur again. It 
appears that the pumping plant, on which great reliance was placed, did suc- 
cessfully hold back the trees up to about February 2, 1899, but the extremely 
warm weather of the 3d, 4th, and 5th started the sap and forced growth. It 
is doubtful, however, whether water protection is adequate under such severe 
tests. All the orange trees above ground appear to have suffered badly, in 
nearly every case the tree being killed. Those trees which were wrapped 
with matting likewise suffered and the protection again appears to have been 
inadequate to withstand such extreme cold. In the section where the earth 
was hilled up around the trees the results were very satisfactory. It is 
thought that about 4,000 trees have been saved by this means. An inspection 
of the orchards as late as March 5 indicates that notwithstanding the severity 
of the test, there is reason to believe that orange trees can be protected suc- 
cessfully by hilling up the earth. 

The devices employed in Louisiana, as described above, were found 
to be an effective protection against damage by frost, and the protec- 
tion afforded by irrigation and by wrapping the bodies and lower 
portions of trees with hay was sufficient for ordinary freezes. During 
the unprecedented cold of February, 1899, the section in which dirt 
was hilled up about the trees was the only one in which trees escaped 
serious injury. 

WORK IN FLORIDA. 


Devices used in Florida for the protection of fruit, vegetables, and 
berries from frost and light freezes conform in character to those 
tested in the California experiments, in which fires were found to be 
the most effective means of protection, and appliances for adding 
moisture to the air were successful only to a slight degree. 

As artificial appliances are totally inadequate to add to the atmos- 
phere any very appreciable amount of moisture, it is evident that 
methods which may have been found ineffective in the dry climate of 
California would possess value in localities where their office is con- 
fined to adding moisture to an already moist atmosphere. The Gulf 
and South Atlantic Coast States, and in fact the country generally 
from the Mississippi Valley to the Atlantic seaboard, possesses a 
moist atmosphere, and the fruits and tender vegetables of these dis- 
tricts can, therefore, be the more readily protected from frost by 
devices which add moisture to the air. As a means of adding moisture 
to the air, irrigation should be more effective than in California; and 
in localities where this method can be used protection will be assured 
except against hard freezes. 

Owing to the comparatively inexpensive character of the materials 
used in damp smudge fires, they seem the best adapted for common 
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use in groves and gardens. Berries and other low plants can be pro- 
tected with but little expense by coverings of straw and other light 
materials. In Florida pine needles are successfully used to protect 
strawberries. Devices for actually heating the free and open air are 
expensive, and their value is dependent solely upon a comparatively 
still air and small, numerous, and well-distributed fires. 

In Florida many experiments have been made with a view to adopt- 
ing devices which will protect citrus trees and fruits from injury 
during the periods of severe cold which at times visit that section. 
The fact that these periods of cold are infrequent does not relieve the 
grower from the necessity of providing for their occurrence. Effective 
measures of protection necessarily vary with the conditions that con- 
front the grower. Protection can be made effective by tents, cover- 
ings of cloth, sheds, and one-half and one-third lath shelters and their 
modifications, that retain heat from open wood fires and sheet-iron 
stoves. The expense of these methods is obviously too great to make 
their employment, except for choice varieties of fruit, commercially 
profitable. 

In this State protection of citrus trees and fruit in the open field 
is usually afforded by what is known as “ firing.” This method is 
effective, except in the presence of severe freezes, provided rain or 
strong winds do not accompany the cold. Heavy rain will, of course, 
extinguish the fires, and strong winds will not permit a. necessary 
accumulation of warm air about the trees. When no rain is falling 
and the wind is light, fires must be built on the windward side of the 
trees, so that the heat will be carried through the trees, and the num- 
ber of the fires must be regulated by the degree of cold. In this form 
of protection the grower must lay in and place his materials for 
“ firing ” before the winter season sets in, and must, during the sea- 
son, be on guard to utilize the materials (usually wood) that he has 
accumulated. When locdl indications point to dangerously low 
temperatures, or when warnings have been received from the Weather 
Bureau, he should watch his thermometers, exposed in the groves, 
and be prepared to “ fire” with a rush when the mercury sinks to 
the danger point, 28°, with a downward tendency. There is no time 
on the eve of a freeze to collect firing materials, and the grower must 
not desert his grove for bed or board so long as danger by cold con- 
tinues. He will have his hands full keeping his fires going, even if 
he has sufficient material for that purpose. Material should be 
available for at least three nights. Cold spells seldom last longer. 
The danger increases with the length of the cold spell. Trees and 
fruit become chilled and the last night of a cold spell is likely to be 
the one that does the damage. The freeze of December 23-27, 1906, 
lasted five nights, and in some sections the last night produced the 
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lowest temperatures of the period. In some localities growers had 
exhausted their supply of firing material and, as a consequence, suf- 
fered a loss of fruit and young trees. 

In cases of severe cold fruit can not be saved, and trees can be pre- 
served only by banking up the trunks by sand or soil. Small trees 
can be buried, and older trees can at least be protected above the parts 
where they have been budded. 

- The damage that will result from a given degree of cold varies 
with the condition and size of the tree. Well-grown trees in a dor- 
mant condition will stand without serious injury, except to foliage, 
a temperature of 18° to 20°, provided it is not too long continued. 
When the sap is flowing these temperatures are likely to kill growing 
trees, and are apt to cut small, unprotected trees to the ground. 
Well-grown trees in a dormant condition will stand without injury 
a temperature of 26° of continued cold, and can for several hours 
stand temperatures of 22° to 24°. When the sap is flowing these 
‘temperatures continued for several hours will be more or less injuri- 
ous. Cold that will freeze fruit will injure small trees. In the 
freeze of December 23-27, 1906, temperatures in parts of the orange 
belt fell to 20°, and even to 18° and below on one and in some cases 
two nights without injury to large trees, except to foliage, and with 
a surprisingly small loss of fruit and small trees. This freeze had 
been preceded by about two months of rainless weather, and found 
the trees in a dormant condition. The destructive freezes of pre- 
ceding years usually followed periods of wet weather that promoted 
a flow of sap. 

Slight protection can be afforded groves by running water in irri- 
gation ditches, or by spraying the trees with water, each process im- 
parting some warmth to the air that is derived from water that is 
much’ warmer than the air during a cold spell. As it is not, as a 
rule, possible to run water in ditches made in Florida sand the irriga- 
tion method possesses little value in that State. There are precau- 
tionary measures that may in some instances be employed to ad- 
vantage. In setting out a grove there should be left, where possible, 
forest trees on its north and west sides where they will act as wind- 
breaks during cold spells. High fences are sometimes employed as 
windbreaks. Theoretically cold air drains from high to low ground, 
and groves on elevated sites are more safely located than those on low 
ground. Protection should also, where possible, be given by water 
surfaces on the west and north of groves. 


FROST SEASONS FOR SEVERAL CROPS. 


Damaging frost is likely to occur in northern Florida as early as 
the’middle of October and as late as the early part of April. During 
the winter period severe freezes occasionally occur in middle and 
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northern portions of the State, and at rare intervals freezing tempera- 
ture is experienced to the southern end of the peninsula. Except on 
the keys and near the coasts of the peninsula south of about the 27th 
parallel, pineapples can not be safely grown in the open field. When 
grown in the interior north of that parallel, or on the more northern 
coasts, they should be afforded means of protection. This is usually 
furnished in the form of one-half or one-third lath shelters built over 
the field. Fancy varieties are often grown under glass. Strawberries 
are subject to damage during the winter and early spring; oranges 
from December to the early part of February, and orange trees are 
subject to damage by freezes during December, January, and Febru- 
ary. Garden truck is especially subject to injury from January 1 to 
April 15. In the trucking districts of the interior of the Gulf and 
South Atlantic States the period during which damaging frost is 
likely to occur extends from October to April, inclusive. 

Temperature conditions are of great importance in the culture of 
rice, and a severe frost late in October may injure the grain so much 
as to cause its discoloration. Owing to the manner of growth and 
culture of this crop and the character and extent of the fields it 
covers, practically nothing can be done to avert injury from heavy 
frosts that may occur about the time of harvest. 

Tobacco growers may protect their plant beds by coverings, but 
during the critical periods following transplanting and approaching 
harvest severe frost will ruin plants in fields which are too large for 
the successful application of the devices herein described. During 
the maturing season tobacco plants in large fields can be given protec- 
tion from damage by frost only by cutting and “ frost heaping ” on 
the eve of the occurrence of frost. 

Cotton will be seriously injured by low temperature early in the 
spring whether frost occurs or not. Owing to the area covered by the 
fields, no adequate means of protection against cold and frost, suitable 
for general use, has been discovered. 

In Louisiana sugar cane is planted in the fall, winter, and early 
spring. The plants are often killed or seriously injured by frosts in 
the spring and in October and November. When frost is expected, 
the cane can be cut close to the ground and “ mattressed,” the product 
of three rows being so laid together that the leaves of one armful will 
cover the butts of the preceding; being thus thatched the canes are 
protected from frost and will keep in this state for several weeks 
without injury. 

In the cranberry districts of New Jersey, Cape Cod, and Wisconsin, 
and in limited areas in other parts of southeastern New England, and 
the upper lake districts, which are devoted to cranberry raising, flood- 
ing is the only effective means of protection against damage by frost. 
This crop is confined to swamp or bog lands, and when danger from 
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frost is apprehended appliances for letting in a sufficient quantity of 
water to keep comparatively warm and moist the lower stratum of air 
are usually provided. 

Young potato and tomato plants can be saved from damage by frost 
by a covering of dirt. In large patches this can be accomplished by 
plowing a furrow alongside the rows of plants and allowing the dirt 
to bury them. 

Gardens can be protected from frost by coverings of straw, paper, 
or other loose and light materials, or by damp smudges; and the latter 
device appears to be, in point of effectiveness and cost, the best 
adapted for general use not only for small areas devoted to gardens, 
but also for orchards, vineyards, and fields. The effectiveness of any 
method of protection is of course decreased as the area for which pro- 
tection is desired is increased, and there is no process yet devised that 
can give adequate protection against frost and cold in the great grain 
fields of the country. 


CONCLUSIONS. 


Experiments and observation seem to establish the following facts: 
The danger of damage from frost can be materially lessened by plac- 
ing early and tender plants on high grounds and crests, and hardier 
plants in low grounds and hollows. When ground can be selected 
in the lee, or to the south and east of considerable bodies of water, 
the danger will be further lessened. 

In the dry climate of the citrus fruit region of California and in 
the promising fruit districts of Arizona small and numerous fires, 
preferably of coal burned in iron baskets, have been found to be the 
most effective device used for protection against frost; second in 
point of utility may be placed irrigation; and the practicable process 
which affords the least protection in that district appears to have 
been smudge fires. As before stated, the unsatisfactory character of 
the experiments made with smudge fires may be attributed to the fact 
that artificial devices are inadequate to charge dry air with sufficient 
moisture to prevent loss of heat from the earth by radiation. Reports 
of California experiments do not distinguish between frosts and 
freezes. Owing, however, to the usually moderate character of the 
cold periods of that section the devices referred to would doubtless 
be equally effective against frosts and freezes. 

In the orange-growing districts of the South irrigation affords the 
most effective protection against frost, while in sections where this 
process can not be employed damp smudge fires for frosts and light 
freezes, and wood fires for moderate freezes, properly handled are 
best adapted to general use. Severe freezes which kill or injure the 
trees can be guarded against only by housing the trees and heating 
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the confined air, or by “banking up” the trees with dirt or sand. 
The latter method is comparatively inexpensive and is therefore the 
better adapted to general use. 

In all sections loose coverings may be used to advantage for pro- 
tecting low plants, and damp smudge fires may be profitably em- 
ployed in gardens, orchards, and small fields. 

It is important to remark in this connection that none of the arti- 
ficial devices described should be employed during the growing season 
except on the immediate eve of threatened frost. The necessity for 
observing this precaution becomes apparent when the fact is consid- 
ered that any appliance for protecting plants from cold will main- 
tain abnormally high temperatures when average weather conditions 
prevail. The effect of this process would be to force the growth of the 
plants and render them the more susceptible to damage by the late 
frosts of spring. In all sections and localities reached by the fore- 
casts and special warnings of the Weather Bureau action to put into 
operation protective measures can be safely deferred until warning 
notices are issued. The Bureau has made provision for a distribution 
of frost warnings which is limited only by the resources of the tele- 
graph, telephone, mail, train, and signal services, and agriculturists 
whose location renders possible the receipt of the warnings by any 
of the means referred to should’ adopt measures for securing them. 
That action in this direction would be profitable is shown by the testi- 
mony of those who have received substantial benefits from the 
warnings. 
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LETTER OF TRANSMITTAL. 


U.S. DEPARTMENT OF AGRICULTURE, 
OFFICE OF THE WEATHER BUREAU, 
Washington, D. C., August 2, 1910. 

Sir: I have the honor to recommend that the manuscript herewith 
be published as a revised edition of Farmers’ Bulletin No. 104. 

In compliance with directions contained in your letter of March 29, 
1899, a paper on the subject of frost, prepared by Prof. E. B. Gar- 
riott, Weather Bureau, was submitted and published as Farmers’ 
Bulletin No. 104. This bulletin furnished valuable information re- 
garding methods of protection from frost. Methods advocated in 
previous publications were mainly the results of experiments con- 
ducted in California orchards. Bulletin No. 104 was designed to be 
of value in all sections of the country rather than in restricted 
districts. 

As the California experiments quoted were perhaps the most thor- 
ough ever made in this country, a description of the methods em- 
ployed and the results obtained is reprinted in brief in this paper, 
together with results of similar experiments made in the citrus- 
fruit and truck-growing districts of the Gulf States, where varying 
climatic conditions have been found to produce somewhat different 
results. Additional information personally acquired by Professor 
Garriott during a visit to Florida in the winter of 1906-7, and certain 
climatic data, also form features of this paper in its revised form. 

The development of orchard heaters and other devices now success- 
fully used in saving crops from injury by frost necessitates a new 
issue of this bulletin. Owing to the death of Professor Garriott, the 
revision has been undertaken at my direction by Professor McAdie. 

Your wishes that the subject be treated in a popular way and 
divested of all technicalities, and made applicable to all portions of 
the United States, have been complied with so far as the nature of 
the subject will permit. 

Respectfully, Wits L. Moore, 
Chief, Weather Bureau. 

Hon. JAMEs Wixson, 

Secretary of Agriculture. 
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NOTES ON FROST. 


HOW FROST IS FORMED. 


The atmosphere of the earth always contains more or less moisture 
in an invisible form. When at a considerable elevation above the 
earth this moisture, or aqueous vapor, is condensed, clouds are formed; 
when the process of condensation is more active and the temperature 
of the air is above freezing, rain falls; and when the temperature of 
the air is below freezing, snow is produced. When the moisture of 
the air in immediate contact with the earth is condensed at temper- 
atures above freezing, dew is formed; when at temperatures below 
freezing, frost is deposited. Frost is, therefore, the moisture of the 
air condensed at freezing temperatures upon plants and other objects 
near the surface of the earth. 

In the process of frost formation the temperature of the air a few 
feet above the earth is commonly several degrees above freezing. The 
surfaces upon which frost is deposited must, however, possess freezing 
temperatures. The manner in which frost is deposited on plants and 
other objects is very similar to that in which the air moisture of 
a room is frozen and deposited upon window glass, the temperature of 
which has been reduced to freezing by the out-of-doors cold. In the 
case of the frost on the window glass the process is one that can read- 
ily be understood. Some explanation, however, is required of the 
formation of frost, which requires freezing temperature, when at 
times a temperature above freezing is registered a few feet above the 
surfaces upon which frost appears. 

There are several processes by which the temperature of plants may 
be reduced below the temperature of the air which surrounds them. 
The most important of these processes is radiation, by means of which 
heat escapes from objects and passes into the surrounding air. 

In the frost-forming process heat from the sun which is absorbed 
by the earth and by plants during the day is lost by radiation at night. 
During the day the earth both absorbs and reflects the heat received 
from the rays of the sun, and the lower stratum of air is warmed by 
this reflected heat. During the night when no direct heat is received 
from the sun’s rays the lower air stratum receives no reflected heat, 
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and, at the same time, heat which has been absorbed by the earth is 
radiated, or, in other words, it rises through the overlying air, though 
not necessarily and entirely as sensible heat; that is, heat perceptible 
to the senses. In the frost-forming process there is another very im- 
portant factor in the production of cold; that is, the evaporation of 
moisture from the earth and from plants. The nature and composi- 
tion of frost require that the air in immediate contact with the sur- 
faces upon which frost forms shall contain moisture. This is mois- 
ture that has been stored in the earth in visible form, i. e., in the form 
of water, and which has escaped from the earth, not as visible mois- 
ture, but by the process of evaporation and in the form of aqueous 
vapor. Some part of the heat stored by the earth during the day is, 
therefore, lost in evaporating the moisture contained in plants and in 
the earth. The heat expended in this process is not sensible, but 
latent. Heat is rendered latent when it is used to boil away water, 
and it becomes sensible or liberated heat when the water vapor 
again condenses into water. It appears, therefore, that the tem- 
perature of surfaces upon which frost forms, and of the air in imme- 
diate contact with them, is lowered by the evaporation of moisture 
from the surfaces. The influence of the process does not extend to 
air a few feet above the ground. 

Another method by which plants lose their heat is by convection, by 
means of which they are chilled by contact with colder air. This 
process, while important in the presence of freezing air temperatures, 
can scarcely be considered a factor in the formation of frost proper, 
which is usually accomplished when temperature observations show 
the air to be above freezing. 

Air arranges itself according to its density or weight. Air in 
immediate contact with the earth becomes heavier as its tempera- 
ture is lowered by the radiation of heat and settles in depressions 
or valleys and over lowlands, causing, at times, frost in low-lying 
districts, while neighboring higher grounds escape the visitations. 

Note.—A given quantity of heat absorbed by several substances of different spe- 
cific heat will produce a different temperature in each; the lower the specific heat of 
the substance the higher will be its temperature; and besides, different substances 


have different coefficients of absorption and of reflection. Therefore under the same 
insolation rocks, clay, vegetation, and other substances come to temperatures that 


often differ by many degrees. 

The air next to earth largely partakes of the temperature of the surface, and in con- 
sequence, when the sky is clear, so that incoming and outgoing radiations may pro- 
gress freely, and the air is but little disturbed by wind, wide variations in the tem- 
perature of the thin stratum of lower air may occur over adjacent plots of ground of 
precisely the same elevation but different covering.—Moore’s Descriptive Meteorology, 
page 108. 
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NOTES ON FROST. 7 


SEASONS OF FROST. 


Generally speaking, agricultural products in some part of the 
United States are menaced by frost from the time nature begins to 
extend her mantle of green from the citrus regions of the South 
toward the grain fields of the North until the verdured area contracts 
southward before the first winds of winter; from the hour that seeds 
germinate and buds blossom until crops are gathered; from early 
spring until late fall. As a rule, the critical periods are during the 
early growth of plants and when the fruit is in the bloom, and again 
when crops are maturing. Ih the first instance vegetation is threat- 
ened by the frosts of early spring, and in the latter by the frosts of 
autumn. 

Considering the several agricultural sections in greater detail we 
find that damaging frost is likely to occur in the north half of the 
Florida peninsula, the region immediately bordering the coast of the 
Gulf of Mexico, and in the interior of California from the latter part 
of October until the early part of April, and in the North Pacific 
Coast States as early as the middle of October and as late as the last 
week of April. From December until early in March the frost limit 
and even the line of freezing temperature may, at long intervals, be 
extended southward over central and southern Florida. The period 
of damaging frosts in the interior of the South Atlantic and Gulf 
States extends from November to April. From October to April the 
region in which agricultural products are subject to damage by frost 
is extended to the southern lake region, over the Upper Mississippi 
and Lower Missouri valleys, Kansas, and Nebraska, and from Sep- 
tember to May frost visitations are usually confined to the extreme 
Upper Mississippi, Upper Missouri, and Red River of the North val- 
leys, and the Rocky Mountain and plateau regions from central New 
Mexico and the Texas Panhandle northward. (See figs. 1 and 2.) 

The occurrence of summer frosts in mountain regions and in 
extreme northern districts of the country iscommon. The following 
are notable instances of summer frosts in agricultural districts: 

August 22 to 24, 1890, a frost-bearing cool wave advanced from the 
Dakotas over the lake region and the interior, or mountain districts, 
of the middle Atlantic States. 

August 28 to 31, 1892, a cool wave advanced from the Rocky Moun- 
tain and plateau regions, with frost from New Mexico to the Dakotas, 
Iowa, Minnesota, northern Wisconsin, and northern Michigan. 

August 8, 1904, frost damaged vegetation in low-lying lands in the 
States of the upper lake region. 
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Bulletin P, of the Weather Bureau, gives a chronological state- 
ment of the more important cold periods that have been experienced 
in the United States, and contains charts that present conditions that 
preceded and attended the principal cold waves and frosts of the 
fifteen years from 1888 to 1902. 


WHEN TO EXPECT FROST. 


As the conditions which produce damaging frost are subject to 
modifications which are as numerous as the kinds of crops raised, and 
as varied as local topography, local climate, and local soil conditions 
in the various sections of the United States, the writer in attempting 
to treat briefly a subject which is so diversified in its aspects is con- 
fronted with many difficulties. Suffice it to say that with other atmos- 
pheric conditions favorable for its occurrence frost may, as a rule, be 
expected when temperature, as reported by stations of the Weather 
Bureau, falls to a point 8° to 10° above the freezing point. As pre- 
viously stated, the surfaces upon which frost is deposited must be at 
or below freezing temperature, although the temperature of the air a 
few feet above may be several degrees above freezing. It is the tem- 
perature of the air, in some instances many feet above the ground, 
that is given by the Weather Bureau observations. Another atmos- 
pheric condition favorable for the occurrence of frost is a clear, cloud- 
less, and comparatively calm night. Clouds retard radiation or loss 
of heat from plants and act as a screen in preventing the heat col- 
lected from the sun’s rays during the day from escaping into the upper 
air. When clouds are not present and a withdrawal of the sun’s rays 
causes a rapid cooling of the air at moderate elevations, the warmer 
air which collects near the surface of the earth during the day rises, 
and. the cooler upper air, owing to its greater density or weight, settles 
tothe earth. It will be noted that clouds not only prevent the escape 
of the warm air in immediate contact with the earth, but also blanket, 
as it were, the upper part of the lower air stratum. Calm or compara- 
tively still air is a condition which favors the formation of frost. On 
windy nights the air is disturbed and is not permitted to arrange 
itself in layers according to its density, with the densest and coldest 
air near the surface of the earth; it is kept mixed up by the wind. 

A very interesting fact, which illustrates the manner in which cold 
air settles by its greater weight to the surface of the earth and allows 
the warmer air to assume higher levels, causing frost in low grounds 
and granting to the higher grounds a comparative immunity from 
frost, is set forth in the following article, by Prof. Cleveland Abbe, in 
the Monthly Weather Review for December, 1893, entitled Thermal 
Belts, Frostless Belts, or Verdant Zones: 

These are local names given to certain regions on mountain sides within which 
nocturnal frost rarely or never occurs in the springtime, although freezing tempera- 
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NOTES ON FROST. 11 


tures occur in the winter time. Consequently tender vegetation flourishes with 
remarkable vigor in these regions. The following are the only references to thermal 
belts in the United States at present known to the editor, but as such regions are 
specially important to the horticulturist and agriculturist it is hoped that the corre- 
spondents of the Weather Bureau will bring these thermal belts to notice wherever 
they occur in order that their meteorological peculiarities may be better understood. 

In the Agricultural Report of the Patent Office for 1861 Mr. Silas McDowell, of 
Franklin, Macon County, N. C., describes the verdant zone in that county in the 
valley of the Little Tennessee River. It occupies the region between 300 and 700 
feet above the valley of the river, which latter is about 2,000 feet above sea level. 
On tracing this zone up among the smaller tributaries of the Tennessee River he 
found that in the higher valleys, where the bottom land is about 3,900 feet above 
sea level, the verdant zone lies between 4,000 and 4,100 feet. Within this zone frost 
never injures the vegetation, and the most tender grapes never fail to produce abun- 
dant crops. 

Prof. J. W. Chickering, jr., in the bulletin of the Philosophical Society of Wash- 
ington, March, 1883, and in the American Meteorological Journal, volume 1, describes 
the following thermal belt: ‘‘In Polk County, N. C., along the eastern slope of the 
Tryon Mountain range, in latitude north 35, the thermal belt begins at the base of 
the mountain, at an elevation of 1,200 feet above the sea, and extends up 2,200 feet, 
being most perfect at about 1,500 feet. It is about 8 miles long, and is distinguished 
hy magnificent flora, such as would be characteristic of a point 3 degrees south of 
the actual latitude.”’ 

Prof. John Leconte, of Berkeley, Cal., in Science, volume 1, page 278, states that at 
Flat Rock, near Hendersonville, Henderson County, N. C., on the flank of the mountain 
spur adjacent to the valleys of the Blue Ridge, he also observed a frostless zone. The 
valley is about 2,200 feet above sea level, and the thermal belt is 200 to 300 feet above 
the valley. ‘ 

In the American Meteorological Journal, volume 1, Mr. S. Alexander describes a ther- 
mal belt in which the peach tree flourishes in the southeastern portion of Michigan. 
He shows that the eold island discovered by Winchell in that region is really the 
bottom of a topographical depression into which the cold air settles. It is a long 
valley surrounded by a belt of elevated country from 50 to 600 feet above lakes Mich- 
igan and Huron. The valley and the isotherms trend northeast and southwest from 
Huron County through Sanilac, Lapeer, Oakland, Livingston, and Washtenaw to 
Hillsdale County. The highlands of this region are all much freer from frost than 
the lowlands, and all much more favorable for early vegetation. He does not state 
that any point is high enough to be above the thermal belt, but that, in general, two 
equal parallel thermal belts inclose the cold island between them. 


The thermal belts of California are described in various publica- 
tions of the Weather Bureau,-particularly Bulletin L, ‘‘Climatology 
of California.”’ 

In the various numbers of the Monthly Weather Review and in 
the various summaries published by section directors and district 
editors special attention has been given to zones of little injury 
from frost. In nearly every section there are some specially favored 
localities. One example will serve to illustrate. In the Monthly 
Weather Review for May, 1910, Professor Howard, secretary of the 
Missouri state board of horticulture, calls attention to the fact that 
certain sections in that State, for no apparent reasons based upon 
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topography or isotherms, nearly always escape injury. He instances 
particularly the famous peach region about the town of Koshkonong, 
in Oregon County. Mr. George Reeder, section director, after a 
careful examination of climatic data, comes to the conclusion that 
the apparent immunity of orchards in the neighborhood under dis- 
cussion from damaging temperatures in the spring is probably due 
to local air drainage, the cold air being drained away from the or- 
' chards. He gives tables showing that the cold air spreads out and is 
drained away down the southern slope of the Ozark plateau, some- 
times more toward the southwestward, then toward the south, and 
again the flow may affect only the southeast. Mr. Reeder states: 


It appears as if the cold air current had divided, one part rolling toward the White 
River Valley, as indicated by the temperature at Hollister, and the other part going 
toward the Black River Valley, as indicated by the temperature at Doniphan. 
Instead of the favorable peach belt, if any, extending east and west as suggested by 
Professor Howard, it probably extends northerly and southerly, or, in other words, it 
lies along the Ozark border, a narrow strip of table land having elevations ranging 
between 1,000 feet, on which are situated Koshkonong, Mo., and Mammoth Springs, 
Hardy, and La Crosse, Ark. This strip bends not far from La Crosse and thence 
extends northwestward above the White River Valley. The temperature on this 
border does not fall so low at times as does that at lower as well as higher altitudes. 

The cold of April 25 and 26, 1910, that caused so much damage to the fruit crop 
of Missouri, was quite uniformly distributed over the section under discussion, as 
may be seen from the following table: 


Temper | Date. 





County. | Station. ature. 
° m. | 

MND Ee ir eks uch dia awsc casa ean 28 | Apr. 26 

MIN ODE Ns see wc eins wats } 31 | Apr. 26 

MR ac scrap ns sinshas 5 <neehewese 27 | Apr. 25 

VUMIROMONE. 5.0.55 coc. tcnccned = Apr. * 





| EMIIEEE s cee pwc eee caceescuts | 


The cold spell was accompanied by cloudy skies and rain mixed with snow, and 
the movement of the cold currents of air was quite different from that which takes 
place under a clear sky, or when there is no rain or snow. It will be observed that 
during cold periods, with more or less cloudiness and moisture, the temperature on 
the hills may fall to a lower value than the temperature in the valleys; on the other 
hand, had clear weather prevailed during the nights of April 25 and 26, the tempera- 
ture conditions would have been reversed, the valleys probably being much colder. 
It is also quite clear, had the fruit in the valleys escaped winter injury it would have 
received no more damage from the freeze of April than was sustained in the neigh- 
borhood of Koshkonong. 


Professor Abbe states in Monthly Weather Review for December, 
1903: 


It is generally conceded that these thermal belts depend both upon the drain- 
age of cold air downward into the lower valleys and the freedom of radiation from 
the surface of the ground to the clear sky overhead. During a still night, when 
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frosts occur, the surface of the hillside cools by radiation, and hence cools the air 
in contact with it; the latter flows downward as long as its cooling by radiation and 
conduction exceeds its warming by compression. Inasmuch as its cooling depends 
on contact with a still colder soil or plant, it soon accumulates in the lowlands as 
a layer of cold air, which grows thicker during the night by the steady addition of 
the thin layer of descending air in contact with the ground on the hillsides. The 
warmer air, which has not yet had an opportunity to cool by contact with the ground, 
floats on top of the cold mass; it spreads out toward the hills, and is continuously 
furnishing its heat to the adjacent hillsides as fast as it comes in contact with them 
before it also cools and descends. The formation of the thermal belt seems to depend 
largely upon this gentle circulation during the night-time. The lower limit of the 
belt is defined by the depth of the accumulation of cold air in the confined valley 
and rises higher in proportion as the night is clearer and longer, and also in propor- 
tion as the valley is more or less perfectly inclosed. The upper limit of the thermal 
belt may depend upon the strength of the wind and the general temperature of the 
air. But if there be no wind, then it depends equally on the freedom of radiation 
to the clear sky and on the above-described circulation of air. 


The facts quoted above show that frost may be expected on low 
grounds at times when higher grounds escape the visitations, and 
the lesson they teach is that early and tender crops should, so far as 
may be practicable, be confined to crests, hillsides, and mountain 
sides, and later and hardier crops to the lowlands and valleys. 

Local climate, as it is influenced and regulated by the proximity of 
bodies of water, must be given great weight in calculations regarding 
frost. Frost is less likely to occur in localities swept by moisture- 
laden air which has crossed a considerable body of water. This is 
more especially the case in the fall of the year, when the temperature 
of bodies of water is reduced very slowly; and in the South, where 
the water temperature continues relatively high throughout the year, 
the influence of the water is especially marked. During the colder 
months air is not only warmed in crossing considerable bodies of 
water, but it also absorbs moisture, which, although invisible in the 
form of water vapor, has the effect of retarding the radiation of heat 
from the earth. In fact, so pronounced is the influence of water 
and water vapor that localities which with reference to exposure to 
west and northwest winds are, as it were, in the lee of large bodies 
of water are comparatively free from frost visitations. On the keys 
of the east Florida coast, which are protected on the west by lagoons, 
rivers, lakes or bays, frost is said to be unknown, and throughout the 
central and northern sections of the United States, localities which 
are protected on the west and northwest by bodies of water of consid- 
erable size are not only favored, by reason of their position, with 
conditions which do not promote the formation of frost, but also 
receive the benefits derived from heavier falls of snow. 

Local soil conditions constitute, to a certain extent, a factor in the 
formation of frost. As a rapid loss of heat is promoted by an active 
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evaporation of moisture, it is evident that, with other conditions equal, 
frost is more likely to occur on damp than on dry ground, provided, 
however, that the ground is not too moist, for in the latter event the 
amount of moisture evaporated and added to the air would have a tend- 
ency to retard the radiation of heat from the earth. And herein lies 
the distinction, so far as frost formation is concerned, between moist 
air and moist soil. An excess of moisture in the air, in preventing, 
to a degree, the radiation of heat, is unfavorable to the formation of 
frost. As frost is the moisture of the air in immediate contact with 
the earth condensed at freezing temperature, it follows that the earth, 
from which the moisture of the air is drawn, must contain more or 
less water, and it is evident that damaging frost will occur with a 
limited rather than with a large quantity of moisture arising from the 
earth and a moderately moist and comparatively still air. Both of 
these conditions usually obtain following, but not too closely follow- 
ing, the rains of spring and autumn. The character of the soil as 
regards its capacity for retaining moisture must also be taken into 
account, more especially during periods of comparatively dry weather. 
Moist soil, as well as the vegetation which springs from it, is chilled to 
a lower temperature by the evaporation of moisture, and is therefore 
more subject to visitations of frost than soil which is dry, or into 
which water penetrates deeply, leaving the surface dry, or soil which 
sheds the rain and does not absorb and hold water. It is important 
to note, however, that very moist soil, or soil which contains a large 
amount of surface water, is, owing to the quantity of moisture yielded 
to the air, not so subject to the heavy and damaging frosts which 
visit plants on moderately damp ground or ground that has a small 
capacity for moisture. 


INFLUENCE OF SOIL AND VEGETATION ON MINIMUM TEMPER- 
ATURE. 


Prof. W. L. Moore, while engaged in studying frost formation in 
the cranberry bogs of Wisconsin, in 1891 to 1894, came to the con- 
clusion that for a given area the occurrence of frost depended more 
upon the character of the surface, its covering, and the degree of 
heat and moisture to which it had been subjected for several days 
preceding than to the general temperature and pressure of the air, 
one field receiving an injurious frost, another a light frost, and still 
another none at all, while apparently the same weather conditions 
prevailed at a moderate distance above the ground. Experiments 
carried on since 1906 by Professor Cox in connection with the pro- 
tection of cranberries show that in the bogs there may be surface 
differences of from 5° to 10° in temperature, while at an elevation 
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of 3 feet these differences disappear. Professor Cox is of opinion 
that variation in temperature is due largely to differences in tempera- 
ture of the soil or covering. It is as if heaters of varying power 
were scattered over the bog, giving off heat to the air immediately 
above. Investigations carried on at Berlin, Cranmoor, and Mather 
show that in sections which were carefully weeded and cleaned and 


were free from moss the temperatures were higher. 


Progressive 


cranberry growers find that by cultivating, draining, and sanding, 


low night temperatures are prevented. 


DATES OF EARLY AUTUMN AND LATE SPRING FROSTS. 


The following table shows for stations of the Weather Bureau 
throughout the United States dates of first killing frost in autumn 
and of last killing frost in spring; also the average dates of first 
killing frost in autumn and of last killing frost in spring: 


Dates of first killing frost in autumn and of last killing frost in spring at Weather Bureau 


stations throughout the United States. 
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of | Average 


Date of | Date Average 
earliest | latest date of | date of 
Station recorded | recorded | first kill- | last kill- 
: killing killing | ing frost | ing frost 
frostin | frostin | in au- in 
autumn.| spring. | tumn. | spring. 
MM NR crcl a cy c carceh 4 dne Sadia sacedecadaaacacs dasauwess Sept. 8 | June 19 | Oct. 12] Apr. 28 
WMG n.i0c ss acdas« saw eavensenucveagonadessue deere = Aug. 27 | June 7 | Sept. 16 | May 13 
DS cscs cadankade’ 34 Cua saleRble ss doe tedavacdeneKncdnesuge Sept. 11 | May 31] Oct. 18] Apr. 14 
PE MEE Rihdas dass ann cansneaihedseasnd wes lesenanssacanadaee Sept. 30 | May 11 | Oct. 22 | Apr. 26 
NINN MONS icc son sie so 3h on KaGdn eins cecJenswnnsasawaieras Oct. 1/| Apr. 24] Nov. 5/{ Apr. 10 
EE cine con avacdtcaginbe ncesecascvadaeaeaedendaae Oct. 30 ay 11 | Nov. 16] Apr. 12 
N NE es 6 s bicx% oxides dh catinns piecvcccauaseadutpaters Sept. 21 | May 30} Oct. 16 | Apr. 23 
PI CRN oie 5 ok ce o's oXeiadwtdees cock evacconnsuessecesee Sept. 15 |...do.....| Oct. 17 | Apr. 20 
NGO on ca05S she daha Welasisanssuscseusaeuscunss Sept. 16 | May 21 | Oct. 6] Apr. 27 
EE TD auc oso Sca nie ss cc Gov nde tennsasds iadveba cadaver carael Sept. 23 | May 30} Oct. 17} Apr. 24 
SN aac wae Kae oheenh eben nsiocstusodsddwaneanwaen Oct. 5] Apr. 30 | Nov. 6] Apr. 10 
ETE os nao aninde so due cenatisnes sivas switetalaeaaeae Oct. 3] Apr. 26] Oct. 24 10. 
Philadelphia, Pa.......- ioNe ds AASetaee eocarasweeuanecweddae daca nies do.....| Apr. 29 | Oct. 30} Apr. 8 
COMED oo caysnsc8shhs tae givaescu¥atqveveueseeddendn Oct. 1] Apr. 25} Nov. 4] Apr. 11 
ad cin Sa cin cinc uni wens inn acbin's Kae Ha nasaGuanaases Oct. 6| May 3 |...do.....) Apr. 4 
EE Goo inc ciccaw hima used cian sore vasadeeweseousenenas Oct. 2] May 11 | Oct. 21] Apr. 7 
ee Mic atien dtese «ties suten sta adddehauar nes dock escort Oct. 4] May 7] Nov. 1 £m. 14 
Sd in 5 60s ewe ile ds sda hes o's sks onsasaGedaaeniestay Oct. 15 | Apr. 26 | Nov. 12 r. 27 
Wytheville, Va...........- eeleeecdcaacausaaucras Sept. 14 | May 26 | Oct. Apr. 23 
Charlotte, N. C ee -| Oct. 8] Apr. 26] Nov. 4] Apr. 1 
Raleigh, N.C... ...d0.....| May 6|...do.....] Apr. 5 
Hatteras, N.C. sae ..---.| Nov. 7] Apr. 19 | Dec. 11 | Feb. 28 
Wilmington, N Nec gawadcaehs dew eCimmses Oct. 16 | May 1] Nov. 15 | Mar. 27 
Charleston, 8. C sRabG te ndaeSeddatnchsasesanssendsenweeens Nov. 9] Apr. 2/| Nov. 30| Mar. 1 
I MSs osc cpeec ssn seatinnswdsecncads odystwdaweaeen Oct. 19 | Apr. 17 | Nov. 8] Mar. 23 
ROSIE, GB oo 56 c0 ces. cciiscincncsccrecseversecsvscereosccscoscess] OCts. § |. -O0ccace| NOV! @ Eman 
ME OS nc AG os bo eioudseaiececc hues scsaa eee | Nov. 1] Apr. 5] Nov. 26| Feb. 27 
NMI HE 65 5S fos, otal oka ohalac cet eeie ee | Nov. 12| Apr. 6| Dec. 6] Feb. 14 
Fy en EE Ee eee Dies oa sed aniaotamama tase | Nov. 18] Apr. 7] Dec. 29 Do. 
NN es 1a UG nals wae pas oManae osha bentewacnd basen taons | Oct. 11} Apr. 15 | Nov. 7 | Mar. 24 
NSN Pen Ss cadv'dawcreapsckxGunkes oautcceasndedekaiskenres | Nov. 5] Apr. 18 | Nov. 14} Mar. 15 
I Pika dd ac sudoe cigs «addwenepateneasccdnneteueedcaee Nov Mar. 19| Jan. 9] Feb. 8 
Py aac xc sc ath oasis osinsphe ons naaeeicademousasaddens | Nov. 12 a 6 | Dec. 5 | Feb. 23 
Mobile, UII EE reg PBs ec Ms an bgacen eee Oct. 31 ar. 28 | Nov. 30 | Feb. 24 
I Moos os Re deg wEasnacncuscemacaddéueatouee Oct. 21] Apr. 5| Nov. 8] Mar. 11 
I RSs ois devikdin'dc Gr suubewadenesawesnaneadantndadsdas Oct. 8] Apr. 10 | Nov. 2/{ Mar. 20 
EG oon clawidciw ss Wha a Ghleacucaninanheaasuncdevavenss Oct. 19] Apr. 6{| Nov. 12| Mar. 6 
RIM ode atolls inlaid cin SOs baka snecdcadedias cam dies Nov. 19 | Mar. 27 | Dec. 15 | Jan. 24 
IIT CONTR. dala evage dees d Swedes ssccuguaceusonsdesunnuass Oct. 20} Apr. 2! Nov. 11] Mar. 4 
MONDE BONE, 2s 0 ciciawe oo cca nee Pec ete a ee Oct. 15] Apr. 6 | Nov Do. 
IS ANG oo oe o:c bsp uns hn pSwbae'enducenvacctevisddusswess Oct. 22! Apr. 14! Nov. 10! Mar. 20 
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Dates of first killing frost in autumn and of last killing frost in spring at Weuther Bureau 


stations throughout the United States—Continued. 





Date of | Date of 
earliest latest 
recorded | recorded 



























poe 
Average 
date of 


Average 
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first kill- | last kill- 




















Station. killing | killing | ing frost | ing frost 
frost in | frost in in au- in 
autumn.} spring. | tumn. | spring. 

NE ss 2625 05 ican so adap sted ae paadaeenewaeewee Oct. 20 | May 30 | Nov. 13} Mar. 13 
Mio Ce airy na aves nace pinuslegcspamceseewenesehne Dec. 4] Mar. 1] Dec. 25} Feb. 5 
ER Nes cin cv wad awd ccten se haere Mame epoaned Nov. 9 | Mar. 20 | Nov. 30 | Feb. 25 
SE Ne oo, signs ko Veh evn venders cqestntinageccnepaeeen Nov. 30 | Mar. 19 | Dec. 25 | Feb. 27 
TEN noe nan c ache er ee oe vadeseteneereewenon® Oct. 2] Apr. 16 | Oct. 28 | Mar. 24 
ore ic wanes on nine asian <p e hens sv ame cerenen Oct. 8} May 14} Oct. 24 ap. 2 
ANION RON 5 552 Soho ok 5. oda oe cea ndlen dance cchnaeene sed Sept. 30 |...do....| Oct. 26 0. 
NE oe yine Son bbaa 6 np iowa ceaedmese east seseeesumeen Oct. 1) Apr. 24] Oct. 27] Apr. 3 
TITY ws op pone mp at isawrsng cess tcevescomccbassncubegeseeccis Sept. 24 | May 14] Oct. 29] Apr. 6 
Lexington, Ky..... ...-| Sept. 30 | May 20} Oct. 23} Apr. 18 
Evansville, Ind........ --|---do....; Apr. 21 | Oct. 30] Apr. 10 
Indianapolis, Ind............-- ..| Sept. 21 | May 21 | Oct. 19 | Apr. 16 
Cincinnati, Ohio.............-. “ ..| Sept. 30 ae. 24! Oct. 25] Apr. 14 
CMMI SS 22, Sti. 10005. o Lint waanienae cwapeacomamhslene Sept. 21 ay 17} Oct. 16 | Apr. 16 
TN ooo 05 oaths 6. os ace Dyn lgs caes Kudos pom sCRaneewetd Sept. 28 | May 24 | Oct. 10 ay 18 
nee aN: WALL ile. 30). bi.s is. sdscsronsstnewanashnee Sept. 24 | May 22 {| Oct. 17 | Apr. 11 
oe eo) scac vandemeacsae oe emupemeres ea Sept. 25 | May 29 | Oct. 19} Apr. 26 
8 Sona scans xnav Si pwce¥accndesigebesgumoespewaee aif atin csetoas GD..s cise cs. .<) Aes S 
SUITE f . Sich dec aes ate sseces.'s Sept. 26 | May 30 ---d0....| ay 1 
Rea ic ae carta acne wanpeceespeigacseebecessan Sept. 23 | May 29 Oct. 16 Apr. 25 
MO So 2 3 LG, SA Rt ales dooce on See Peano eee Oct. 12| May 17| Oct. 29| Apr. 22 
SS COPD RACE ne ee Oct. 2] May 22) Oct. 31) Apr. 16 
ne MNS Sirs soca teh od pop oracle ceea same ree enema emie Oct. 8 | May 17} Oct. 26 | Apr. 14 
Toledo, NRE Se ah oan tc as sagas pastiuaoeeet Sept. 9 | May 29/| Oct. 15 Apr. 24 
eee. Soradteng seas cekecseucksnassteapase Sept. 21 | May 31] Oct. 11 | ine. 30 
No hs Peeeisne Siegen ose s ewes ncnenewniny Sept. 22 | June 6j| Oct. 9/| May 8 
EE tsi aSoo.cs5 sO cneNann o3Sses de scucerh koe e@are vie Sept. 6/June 9 | Sept. 26 May 14 
oe sc avicninns visa <éuscdegeeescidcenencns Sept. 5 | May 29 | Sept. 24 | May 16 
CITIES 0s scale Ba wisiclacin aweaen sess Deeaenoncten .-| Aug. 22 | June 11 | Oct. 2] May 15 
Escanaba, Mich.......... ee ats bane see euaeoewemhee ..| Sept. 9 | June 16} Oct. 1} May 14 
IE icc weleun rat stcle 5 clise cede swinebienabls ...-| Sept. 16 | May 30; Oct. 4; May 5 
NN TN os saci snnic ata ssecnavecuacceee ..-| Sept. 23 | May 28 | Oct. 10 | Apr. 28 
MNT glo ova s doo edge vad iss 38s enee awe aese ...-| Sept. 25 | May 29 /...do....; Apr. 29 
Chicago, Ill...... wie EWE See fo cab ce eote Sept. 18 |...do....; Oct. 15 | Apr. 18 
oS aa ae ee a ieee rere ....| Sept. 15 | June 8| Oct. 5 | May 3 
MED cei Se Sonik at occecoe iss censh vows sees ..-| Sept. 13 | May 20/ Oct. 8 | Apr. 27 
Se IR Se hae Ne hh cace sndesciendeahes ...| Sept. 20 | May 25/| Oct. 5/| May 6 
I on No poe nat ce tas be xe pe nccaiesesrseseccnsse seid May 13 { Oct. 17 | Apr. 21 
SNR CUED Sods Sol sen tncdscpepsnaresbesesae June 1} Oct. 8| May 2 
RIE 35 oof Sal gor nace se'eteh ao naneeeeseee May 21/| Oct. 13 Apr. 20 
SNE INNS ob os one oon cc oi wnt acssbseenaveesaeeae May 22 {| Oct. 14| Apr. 22 
Des Moines, Iowa ...do....| Oct. 8 | Apr. 28 
Keokuk, Iowa. . May 4/j{ Oct. 15 | Apr. 13 
Hannibal, Mo May 14 |...do....| Apr. 14 
Springfield, Til. May 22} Oct. 16] Apr. 20 
St. Louis, Mo...... 4 ...do....| Oct. 27 | Apr. 2 
Oa es es sie .-| Apr. 19 | Oct. 28 ar. 29 
PRM MO, on ooo ecco scoescesee ce. -| May 19; Oct. 13 | Apr. 16 
RURMMREMERM ON, 0 OR OP cc acz ent asaent aa May 9/{| Oct. 15 | Apr. 14 
Kansas City, ee ae ator reo May 4/ Oct. 24} Apr. 10 
EES es led. ol nn i ecadugeessscekhsbcasaresae wanes May 19 | Oct. 13 Apr. 8 
Se NG 7, cea one csinnteeoneeokiounsenes May 15 | Oct. 19| Apr. 6 
CED ic, Gee. alse oi cacicventoessae ste kubbokpesl . May 19 | Oct. 14) Apr. 24 
EINES Co ps oc asec c cusp co vastcmutinee > bupsceescoeeeney . ---do....; Oct. 12} Apr. 15 
RAOUER, TUOOE. 650. 52-5 00505 Eee. oc ctasetatse sees eseses woaeeeeee May 10} Oct. 9 {| Apr. 18 
TINIE disc sg 66.53% wo ceed econ c ve cdoepieess bes nebosease os ..| June 21 | Sept.18 | May 9 
Ns 55 Shc slacks tes ct cdcbstaaphaswasheavataeeeewe 3 | May 21 | Sept.27| May 1 
Huron, 8. RRs 6. Mile, Na Bong DOES. ete tn aes June 8 | Sept. 20 | May 13 
oo a ae ere ier eres May 19 | Sept. 30 | Apr. 30 
Te errr ee ee . June 8 | Sept. 22 ay 14 
Bismarck, N. Dak June 7 | Sept. 21 | May 15 
PU 22 Fels bles cabs essicnsa esd sien Suge wertes Aug. 18 | June 10 | Sept. 14 | May 18 
Havre, IC Ae ad 0S Pas, sock ioccnmdcakeeru beet Aug. 27| June 6 | Sept. 13 | May 14 
NG ne Ae, 5. a Sank de ccc suiwedtwenlsMue's'escwe ke Sept. 5] June 9 | Sept. 25 | May 10 
MM TOMAR oe oc obi os wn odes oes owesrvevumucelesieawanebsice | Sept. 13 | May 21 | Sept. 20 | May 1 
MINI IMNO 62 rile 15 iE) Ja a detleniyieson vin eleoewweee | Aug. 23 | June 18 | Sept. 11 | May 19 
EE RIN on o5 os coe ts so 5c ceswawbwncueecmuereerete Sept. 22 |...do..... Oct. 18 | Apr. 23 
SPR IIDNS OUI. 6.5 oe buds sis alow oS 0 ods recur un Weins abe ere | Sept. 27 | May 15 | Oct. 21 | Apr: 14 
NRT oo. bv kcos> os ms teow scew snc waleatweseatowsys | Aug. 29 | June 11 | Sept. 16 ay 22 
RERUN ec Po. os ca0b p fnasvbptwe ech ow sun byee seen | Sept. 10 | May 23 Sept. 28} May 1 
SIDS oo. oie. wea dtc ook sos vos Fo cnknge ches elena newly beasts Sept. 12| June 6} Oct. 5| May 6 
I Oe CE ier, itd. aie po phe e'enw = seneecangsepet ed ; Oct. 16 | May 23 | Nov. 1) Apr. 16 
NE co ED soc crustacean | Sept. 12 |...do..... Oct. 5 | Apr. 26 
SION acs e abe ese deceknecdnnsescnisisecapiucswansessWecce | Sept. 23 | May 27! Oct. 15) Apr. 17 
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Dates of first killing frost in autumn and of last killing frost in spring at Weather Bureau 
stations throughout the United States—Continued. 




























{ y i cee 5 
Date of | Date of | Average | Average 
earliest latest | date of | date of 

és Station recorded | recorded | first kill- | last kill- 
b killing | killing | ing frost | ing frost 
frost in | frostin | in au- in 

autumn. | spring. | tumn. | spring. 

| | 

a mie te scat eae | 

| 
GIN, 565-555 20 oss coasts bayeatee sagan maee esate | Oct. 7} Apr. 30 Amt 2 
NUM WO s ono xd 03055 08s wtadccss cdackegagesrskenqacent Oct. 22| May 1 ar. 18 
WIE Ise iad 2 as 02 02k 5 Se os cade Sct tn avn uaaeennae: | Oct. 24] Apr. 16 Mar. 15 
E] Paso, Tex..... . 23 sae 22 Mar. 20 
Santa Fe, N. Mex . 27 | May 18 Apr. 15 
Yuma, Ariz.... one. | one. one. 
Phoenix, Ariz.. y. 9| Mar. 31 Feb. 18 
Spokane, Wash.. . 7} June 8 Mar. 23 
Walla Walla, Wash 28 | May 12 Apr. 4 
Seattle, Wash........... aad . 18] May 27 ar. 21 
Portland —. TR ae Oper - 13} May 9 Mar. 17 
Tatoosh island, Wash | Nov. 1] Apr. 19 | Mar. 14 
Roseburg, Oreg........... pastas Gitenieeees Sept. 25 | May 16 | Apr. 15 
RN II a ons c ols Sipe ope sian uen vigmsnande¥enaceeneeite Sept. 4] June 24 | ay 25 
Winnemucca, Nev.......... seg Sin be eee nee ark | Aug. 22} June 20 May 15 
NON <2. OSE a bac vival so ccc daan cese Canteen Bee Nov. 7} May 1 Apr. 2 
OO aS ren eee oe eee ee Jaa e danteeitenes aed Nov. 15 | Apr. 25 Feb. 26 
Sacramento, Cal.............-.... Saisie atask anette ae ts .-.| Oct. 28 | Apr. 26 | Feb. 16 
IN GN cds duis ovis <idsa'ue ds dd wqhdasteatedenmeaeniod | Nov. 18] Apr. 20} Jan. 8 
remo, Cal.....0-.-...-- -.-do....| Apr. 14 Dee. 15 | Mar. 4 
San Luis Ob Cal.. Nov. 19] Apr. 8 | Dec. 27 Feb. 20 
Los Angeles, Cal...... eee | None, |...do..... None. | Ag 8 
ee Rs ovina Bawa been cose pedan th wavedeceddenates sicoet None. None. | None. one. 

} | 





PROTECTION FROM FROST. 


A discussion of methods of protection from frost calls for a consid- 
eration in great detail, not only of the several approved processes of 
protection and the extent to which they can be applied in connection 
with the various crops, but also of the value of these processes under 
the varying conditions of local topography, local climate, and local 
soil conditions. 

It is evident, in the light of the foregoing statements, that fruit and 
vegetable growers in rolling and hilly country, or when located in the 
lee, as regards west to northwest winds, of bodies of water, can, to 
some extent, so place in their earlier and tenderer fruits and crops 
that they will, in the first instance, avoid the lowlands and valleys, 
and in the second take advantage of the more moderate and moist 
air that crosses water surfaces. For further protection the grower 

a must depend upon artificial appliances. These appliances are 
designed to produce the following effects or results: To prevent a 
rapid radiation of heat from the earth; to charge the air with mois- 
ture; to warm the air; to create artificial drafts, whereby the air is 

¢ mixed and the cold air is not allowed to settle to the surface of the 
earth; or to actually cover or roof in plants. 


DEVICES FOR PREVENTING RAPID RADIATION OF HEAT. 


Devices designed to prevent a rapid radiation of heat from the 
earth include screens which can be drawn over plants, vineyards, and 
groves; loose substances with which low plants may be covered; and 
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smudge fires built to the windward of areas for which protection is 
desired. These devices, which of a necessity are operative for very 
limited areas, have been described by Prof. W. H. Hammon and by 
Prof. A. G. McAdie. 


Glass screens.—In greenhouses and hotbeds advantage is taken of the peculiar 
property of glass which allows the heat rays of the sun to pass through it, and is almost 
impervious to the dark heat rays from the earth and plants. This is one of the most 
perfect screens possible, since it not only prevents the loss of heat by radiation, but 
receives and retains the heat from thesun. The expense precludes its adoption except 
for the protection of valuable plants and flowers. 

Screens of other solid materials have been quite extensively used in protecting 
vineyards and citrus groves where intense cultivation is practiced and where the 
location of the groves near an excellent market admits of profit even with expensive 
methods of cultivation. 

Cloth screens.—In Italy and portions of France screens made of muslin strung on 
wires stretched on poles above the tops of trees or vines have been used extensively. 
These screens are drawn on nights when frosts are probable, and are pushed back 
during the day. When the season has advanced so far as to preclude further danger, 
they are taken down and stored. Of course such a plan could be operated only on a 
very limited scale, and would then be expensive. This plan has been recently suc- 
cessfully tried in the orange groves of southern California. 

Lath screens.—During the past few years screens made of laths fastened to ordinary 
telephone wire (the spaces between them being about the width of the laths) have 
been extensively used in Florida. These are spread over a frame erected above the 
trees or plants. The screens serve not only as a fair protection from frost, but also 
as a shade from the hot sun. When no longer needed, they can be rolled up and 
stored away for preservation. At first thought it would seem improbable that a screen 
covering only half the space (the spaces being as wide as the laths) would afford much 
protection; but when it is considered that laths have considerable thickness it is 
plain that while only one-half the vertical rays are screened those inclined between 
the vertical and horizontal are partially intercepted by the edges as well as the faces 
of the laths. As a matter of fact, about three-fourths of the sky is screened by this 
means. By placing the laths in north and south directions the direct rays of the 
morning sun are completely cut off from the orchard, which admits of the tempera- 
ture rising slowly. This reduces the liability of injury to plants. 

Paper cover.—A new form of cover, known as an antifrost cover, has been devised 
in the San Francisco Weather Bureau office. It is, however, best suited for the pro- 
tection of small fruit, garden flowers, and vegetables. It is an old and widely known 
practice to cover garden flowers with newspapers when frost is expected. In the 
antifrost cover there is used instead of a single cover a double layer of prepared paper 
with an intervening air space. This prevents almost perfectly the escape of the long 
heat waves from the ground. Such covering can be spread above the plant an hour 
or two before sunset, i. e., before the ground has lost much of its heat. If at the same 
time shallow pans of warm water are placed under the cover, an effective screen and 
serviceable supply of water are provided. It is also to be noted that we use this 
cover at a time when the roots are absorbing vigorously and transpiration by the leaves 
is at a maximum. We therefore prevent any lowering of temperature at the leaf 
surface and store up in the plant a quantity of heat energy for expenditure slowly 
through the night hours. The actual temperature of the air is of less importance than 
the temperature of the leaf or fruit surface. A deposit of moisture is advantageous. 

A special use of the antifrost cover in connection with tree fruits is to unroll the 
covers in the orchard before sunset and to roll them up about 4 o’clock in the morning. 

Other methods.—Strawberries and other low plants are frequently protected by cov- 
ering them with straw or other loose substances. 
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Frequently young potato plants are saved by plowing a furrow alongside and allow- 
ing the dirt to bury them. 

Cranberry growers in the marshes of Massachusetts, New Jersey, and Wisconsin 
flood the marshes when frost is expected. In this case the protection is probably due, 
for the most part, to the high specific heat of the water, as only portions of this land are 
submerged. Cultivating, draining, and sanding are now resorted to with such good 
results that there is practically no need of flooding except in spring and autumn. 


DEVICES FOR ADDING HEAT TO THE AIR. 


The first successful attempts to prevent injury by frost by the use 
of heating devices on a large scale occurred in California about 1896. 
Among a number of protective methods based upon heating, described 
by Prof. A. G. McAdie, may be mentioned the device of Edward 
Copely, of Riverside, Cal., in which a wire basket filled with coal 
and sufficient kindling to insure proper combustion was used. The 
method met with much favor in the orange groves of California. 
With from 20 to 40 of these baskets to the acre the temperature 
under ordinary winter weather conditions can be raised 3 degrees or 
more. 

The first use of oil that we have a record of was by Everett, at 
Arlington, Cal., and the first use of hot water was by Meacham at 
Riverside. 

A severe frost about the end of December, 1895, caused great 
damage to the orange crop in the Riverside section, and the following 
year may be said to have marked the beginning of the frost-fighting 
campaign. The Riverside Horticultural Club took an active interest 
in the problem and many experiments were conducted by such men 
as those above mentioned and Koethen, Reed, Holmes, Hall, Ham- 
mon, McAdie, and others. The work has gone on, and there are now 
on the market many forms of heating devices. A convenient and 
serviceable frost alarm thermometer and oil pot were devised by the 
Weather Bureau official at Fresno, Cal., Mr. J. P. Bolton, for use in 
the vineyards during the spring frosts. There have recently been 
put upon the market in the apple sections of Colorado and other 
Rocky Mountain States orchard heaters burning oil, coal, or other 
fuel. 

The various forms of heaters are known by the name of their 
inventors or are otherwise designated. It is not desirable in a 
bulletin of this character to advocate the use of any one special form. 
Indeed the heater that is most satisfactory in one locality and for a 
given crop may prove less satisfactory under changed conditions. 

As showing the efficiency of these heaters, the following report 
upon a certain coal-burning heater was made by Prof. O. B. Whipple, 
field horticulturist, Colorado Experiment Station: 

I have the following report to make on the coal-burning heater demonstration, held 
at your place on the evening of November 12, 1908: 


The conditions under which the test were held were such as one would experience 
in fighting frost in the spring. One hundred heaters were well spaced at 29.5 feet, 
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covering 2 acres of ground. In placing the thermometers, I was careful to see that no 
pots were closer than 20.5 feet. Waste saturated with one-half crude oil and one-half 
kerosene with tree prunings were used to start the fires. The fires were started at 
7.45, and responded promptly, as the table will show. One man lighted the 100 pots 
in eight minutes. All pots started without trouble. The pots were refilled, beginning 
at 10.15, one man completing the job in forty minutes. A few of the pots on a part of 
the block were again refilled at 12.30, and all burned until the end of the test. In all 
2 tons of coal were consumed in the seven hours, making a total of 40 pounds per pot. 
The coal used was one-half lump and one-half nut and came from the Farmers’ mine 
and Stokes’ mine. The temperature readings shown in the table were taken at an 
elevation of 7 feet from the ground. A thermometer at 12 feet from the ground inside 
the heated area showed one degree higher temperature. 
The following table shows the temperature readings for the full seven hours: 


| | 


Outside | Inside Outside Inside | 














Hour. | tempera-|tempera-| Gain. || Hour. | tempera-|tempera-| Gain. 
ture. ture. | ture. ture. 
eres ps aes ruses 

p.m. i oe. °F. |i -<. -. °F. “7. 

7. 45 30.2 | BD)2. [oscesecces | 2.00 29.3 36.9 7.6 

8.15 31.1 | 35.6 | 45 |) a.m. 

8.30 28. 4 32.9 | 4.5 || 12.30 25.7 32.6 69. 

9. 00 28. 4 34. 2 5.8 || 1.00 26.1 32.4 6.3 

9. 30 28.4 33.8 | 5.4 || 1.30 26. 6 33.8 7.2 
10. 00 28. 4 34.2 | 5.8 || 2.00 28. 4 35.6 7.2 
10. 30 27.5 32.9 | 5.4 |! 2. 30 28. 4 34.5 6.1 
11.00 27.5 33. 8 | 6.3 |} 3.00 28.4 33.4 5.0 
11. 30 28.4 MRO). <6 

| 


The following table is from the report of the committee in the 
‘‘under actual frost conditions” test held at W. C. Knight’s orchard, 
Grand Junction, Colo., October 28, 1908. The committee consisted 
of O. B. Whipple, field horticulturist Colorado Experiment Station; 
W. C. Knight and John M. Harvey, fruitgrowers. 
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Inside : Inside 
tempera- ae tempera- 
; ture, with aed ture, with 
Outside 50 coal ture, with 80 coal 
tempera-| Hour. heaters Gain. | 100 oil | Gain. | poaters Gain. 
ture. with con- — open dralt 
centrat on 
draft make. sides 
°F, p.m. °F, oF, oF. °F, oF, oF, 
35 8.00 BP dsb bennan Me Soaweneee SP lnesesace 
35 8.15 38 3 38 3 Be Tvseceans 
33 8. 30 39 6 39 6 38 5 
32 8. 45 4) 8 40 8 37 5 
34 9.00 40 6 39 5 38 ¢ 
34 9. 30 40) 6 39 5 37 3 
34 10. 00 40 6 38 4 38 t 
32 10. 30 36 4 37 5 364 44 
31 11.00 35 4 36 5 35 4 
30 11.30 63 36 6 34 4 
28 12.00 35: 74 36 6 34 5 
a. m. 
| 27 12. 30 34} Tk 35 8 32 5 
27 1.00 34h i} 35 8 my es 
|” Average gain................ Gishbeccdh osc. MRE a. <b sass 4.4 
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The following account of the use of smudge pots, as they are called, 
is given by Mr. Richard H. Sullivan, local forecaster, in the Monthly 
Weather Review for 1910, vol. 38, pp. 412-413: 


The inclosed series of observations were taken for the benefit of members of the 
Sedgwick County Horticultural Society and others in connection with the frost warn- 
ings of March 30 and April 5 and tests of smudge pots in the 1-acre orchard of Mr. Albert 
Kunkel, in Wichita, on March 31 and April 6, and in a selected plat of the orchard of 
the Thomas Orchard Company, 3 miles west of Wichita, on April6. ‘The readings for 
the Kunkel orchard on March 31 and the Thomas orchard on April 6 were made by the 
writer, 2 minimum and 5 exposed thermometers, 1 anemometer, and 1 commercial 
thermometer being used. 

On Mr. Kunkel’s place 79 pots to the acre were used on March 31 and 70 pots to the 
acre on April 6; his fruit is still unharmed. In the Thomas orchard, 50 pots to the acre, 
or 500 pots in all, were used among Jonathan and Grimes Golden apple trees. Un- 
fortunately, the temperature in the latter orchard could not be kept above freezing 
after 4 a. m. on account of lack of fuel oil. The small number of pots to the acre made 
it necessary to run them at nearly full capacity, and in order to carry the heat through 
to sunrise the lighting was delayed until 2a.m. However, the manager does not 
consider his loss as great as in some orchards in the vicinity. 

The figures show that with from 70 to 80 pots to the acre a fruit crop can be saved 
when the temperature falls to 25°, or even to 22°, if the work is done thoroughly and 
systematically. These are the first known practical tests of this character that have 
been made in this vicinity, and the whole proposition rests upon the question of how 
much expense for such insurance the investment can stand and still render a profit. 

Where artificial methods of prevention of damage were not used during the freezes of 
March 31 and April 6, especially in the lowlands, there was general loss of apricots, 
peaches, plums, pears, and a very large proportion of apple buds, making the third 
series of disastrous spring frosts in 4 years. Last year the whole fruit-tree crop was 
killed by a single freeze during the night of April 30-May 1, warning of which was 
given the day before. 

There is now a general disposition among local horticulturists to adopt the methods 
of commercial fruit growers elsewhere to prevent damage by frosts and freezes, and the 
belief is steadily growing that the warnings of this service must be heeded if loss is to be 
avoided. 


Comparative temperature, wind velocity, and weather readings made in connection with 
test of central-draft smudge pots for prevention of damage by frost or freezing in the 
orchard of Albert Kunkel. 


Half-hourly observations were taken from midnight of March 30-31 to 7.30 a. m. 
March 31. The arrangement and height of the various instruments are indicated 
by the letters in the diagram (fig. 3) and the explanation herewith: A, Weather 
Bureau anemometer, 5 feet above ground; a, W. B. minimum thermometer No. 6733, 
3 feet 8 inches above ground; 6b, W. B. standard thermometer No. 4403, 4 feet 9 
inches above ground; c, W. B. standard thermometer No. 4788, 4 feet 9 inches above 
ground; d, W. B. standard thermometer No. 4789, 4 feet 9 inches above ground; ¢, 
W. B. minimum thermometer No. 9436, 3 feet 8 inches above ground; f, W. B. stand- 
ard thermometer No. 3135, 4 feet 9 inches above ground; g, W. B. standard ther- 
mometer No. 5671, 4 feet 9 inches above ground; h, commercial thermometer, 1 foot 
above ground; 7, residence; j, greenhouse; &, barn. 
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The smudge pots, 79 in number, were lighted between 5.30 and 5.45 a. m., March 
31, and extinguished at 7.30a.m. The temperatures at 6 a. m. in the accompany- 
ing table show the effectiveness of such a method during frosty periods. Fuel oil, 
costing 4 cents per gallon, was used. 





































fC) 
J 
¥1G.3.—Diagram of K unkel orchard, Wichita, 
Kans. Shaded areas show limits of smudge 
pots. 
Winds—Northwesterly to 2.30 a. m.; northerly to 6.30 a. m.; northeasterly to 
7.30 a. m. 
TABLE 1.— Temperature, weather, and wind velocity, March 31, 1910. 
[Letters in heading indicate position of thermometers.] 
en eo ee | ¢ | g | & | Weather| 4 
| 
SO 
LP SR Os, Ter. br OF bit. 1. Miles 
PO IG a osc vnc ci evn ss scence 39.0 | 40.5 | 41.0 | 41.0 | 39.0 | 41.0 | 40.5 | 39.0 | Clear. ae 
ie disacedennser’cbagesick due 38.5 | 40.0 | 39.5 | 39.5 | 38.5 | 39.5 | 39.5 | 38.0 | Clear. 0.2 
SOUR Loads actolaw setae man ereecce 36.5 | 38.5 | 38.0 | 38.0 | 37.0 | 38.5 | 38.5 | 37.0 | Clear. 0.2 
REN is dice esniccawsne dennis dae 35.5 | 37.5 | 37.0 | 37.0 | 36.0 | 38.0 | 37.5 | 36.0 | Clear. 0.2 
PE Miceenscskeuwiaadesiienacede 35.0 | 37.0 | 37.0 | 36.0 | 35.5 | 36.0 | 36.0 | 34.5 | Clear. 0.3 ® 
PR ccc cc cecuedecstesasauraswe 34.0 | 36.0 | 35.5 | 35.5 | 34.0 | 35.5 | 35.5 | 34.0 Clear. 0.3 
Roe kaon bc agamnesh 35.5 | 37.0 | 37.5 | 37.0 | 36.0 | 37.5 | 37.0 | 35.0 | Clear. 0.4 
MEMOIR Otten ate eed 36.0 | 37.0 | 39.0 | 39.0 | 37.0 | 38.5 | 38.0 | 36.0 | Clear. 0.5 
MMSE Soctecls naw en Sotide nes ade 36.5 | 37.0 | 36.5 | 36.0 | 35.5 | 37.0 | 37.0 | 36.0 | Clear. 0.3 
tie a veciiacceras oan ok aiesraig Pale 35.5 | 36.5 | 36.0 | 36.0 | 35.0 | 36.5 | 36.0 | 35.0 | Clear. 0.3 
MIN Welds Cascceccccsviccne sth 33.0 | 34.0 | 33.5 | 33.0 | 33.0 | 34.0 | 33:0 | 31.0 | Clear. 0.2 
eine tnck asc vpalenecetiroaee 31.0 | 32.5 | 32.5 | 32.0 | 31.5 | 33.0 | 33.0 | 30.0 | Clear. 0.2 x 
NPN nao), os desocos cat 31.0 | 44.0 | 40.5 | 38.0 | 34.0 | 38.0 | 38.0 | 36.0 | Clear. 0.3 
DMI 6 Asie de Swibipick Wacsicemiea 33.0 | 39.0 | 40.0 | 38.5 | 34.5 | 37.5 | 38.0 | 38.0 | Clear. 0.4 
CNS on aes trénegeatie seca runwt 35.5 | 38.0 | 38.0 | 37.5 | 35.5 | 38.0 | 39.0 | 38.0 | Clear. 0.5 
TOR: MRO 3s Evite vaste 40.0 | 40.5 | 41.0 | 41.0 | 40.0 | 40.5 | 40.5 | 40.0 | Clear. 0.5 








a Lowest temperatures recorded, 30.5° between 5.00 and 5.30 a. m. 
79 smudge pots lighted, beginning at 5.30 a. m. and ending at 5.45 a. m. 


Second test made by Mr. Albert Kunkel. Number of pots lighted, 70. 
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TaBLe 2.— Temperature and weather table, April 6, 1910. 


{Letters in heading indicate location of thermometers as shown on diagram of March 31, 1910.) 


| | | 
Time. a eS Le | Weather. 


| 


DASA SR mw G9 
SSSssssss 
Speer heepe 








70 smudge pots lighted, beginning at 3.30 a. m. 


Comparative temperature, wind velocity, and weather readings made in connection with 
test of central-draft smudge pots for prevention of damage by frost or freezing in the 
orchard of the Thomas Orchard Company, 3 miles west of Wichita. 


The smudged portion of the orchard was a selected 10-acre plat containing Jonathan 
and Grimes Golden apples; the pots were arranged 50 to the acre, or 500 in all. The 
instruments were placed at a height of 6 feet, except 1 commercial thermometer, 
which was located 1 foot above the ground near the center. The thermometers are 


Min. No HG. 











wv 
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W038. No. 4789, 
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No. 4402. 
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eS f h 
YX |N04788. No. $671. 
<8 
Min. No. 6733. 





Fig. 4.—Diagram of plat of Thomas Orchard Com- 
pany, Wichita, Kans. 

arranged in the table in the order of reading. The pots were charged with 3 quarts 
of fuel oil, and lighting was delayed until 2 a. m. on account of lack of oil. The 500 
pots were lighted between 2 and 2.35 a. m., and insufficient oil to hold the fires at 
reasonable capacity resulted in inability to keep temperature above freezing after 
4a. m., and by daylight practically all of the oil had been consumed. 

Winds—Northwesterly to 4.30 a. m.; westerly after 4.30 a. m. 

The letters in the diagram (fig. 4) of this plat indicate corresponding instruments 
in Table 3; numbers, United States Weather Bureau thermometers; d, commercial 
thermometer; A, anemometer. 
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TaBLe 3.—Temperature, weather, and wind velocity. 


[Letters in heading indicate position of thermometers.] 























Time. el sa € d € Wg g | h |Weather.} A 
|———— 
OF, Pr Miles. 
31.0 | 31.0 | Clear. 0.2 
31.0 | 30.5 | Clear. 0.2 
31.5 | 29.5 | Clear. 0.1 
34.5 } 33.0 | Clear. 0.1 
33.5 | 32.0 | Clear. 0.1 
30.0 | 30.0 | Clear. 0.2 
29.0 | 28.5 | Clear. 0.1 














a Lowest temperature recorded, 29.0° between 1.00 and 2.00 a. m. 
500 smudge pots lighted, beginning at 2.00 a. m. and ending at 6.35 a. m. 


Additional report, April 30, 1910. 


Further trials in the Thomas orchard on April 19, 24-25, fully confirm the efficacy 
of the firing methods above explained in detail. The wind-velocity records show, as 
was to be expected, that the most damaging temperatures occur after the wind has died 
down. Artificial preventive methods can be used effectively despite the oft-repeated 
arguments that it is too windy in Kansas. 


In a paper read before the California Fruit Growers’ convention at 
Watsonville, December, 1909, the district forecaster discusses in some 
detail the various forms of heating devices, such as open fires, smudge 
fires, coal baskets, oil pots, orchard heaters, etc., as used in the pro- 
tection of citrus fruits in that State. 


Many small fires are found to be much more effective than one or two large fires. 
The great mass of experiments made in California orchards show that direct heating 
of the air by open fires has not been sufficient to prevent injury at times of very low 
temperatures. A large amount of the heat thus produced is wasted; the efficiency of 
the method is low. This is illustrated by the following experience of a gentleman 
who is a close observer, an earnest student of the problem of frost-protection, and one 
in whom I have the greatest confidence. During the night of December 20-21, 1908, 
on a certain California ranch, the temperature for fourteen hours ranged between 19° 
and 24° F. For thirty-six hours the temperature did not rise above 28°. During this 
night the gentleman referred to burned 15 cords of wood and about 40 tons of wet hay 
in his efforts to protect his orchard. The relative humidity was low, there was little 
movement of the air, and he reports that ‘‘the smoke rose as straight as a pine tree.”’ 
At the intersection of two roads in the orchard a large fire was maintained, and 30 feet 
distant the temperature in an olive tree was observed. Another fire was burning 
within 20 feet of this tree on a second side, and on yet a third side was a third fire main- 
tained within 25 feet of the same tree. The temperature at the tree, however, re- 
mained at about 20°F. from 3 to 8 a.m.of December21. This wasthe coldest weather 
in this locality since 1888. It is evident that in this case a large amount of heat 
escaped without producing the desired warming effect, i. e., was lost, wasted. It is, 
of course, well known that the rate of conduction of heat through air is low. 


DEVICES FOR ADDING MOISTURE TO THE AIR. 


Smudge fires made of damp material have been more successfully 
used for the purpose of affording protection from frost than those 
made of tar, crude petroleum, and other dry materials, for the reason 
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NOTES ON FROST. 25 


that in addition to creating a dense smoke they add to the atmosphere 
a considerable amount of evaporated water, which, though invisible, 
serves to retard the radiation of heat. When any considerable 
amount of water is thus converted into vapor and is distributed in 
the air which covers the area to be protected, a portion of it is likely 
to be condensed by the surrounding cooler air and appear in the 
form of mist, which acts as an agent to prevent the escape of heat 
from the earth; and the act of condensation sets free in the air some 
of the heat that has been expended in the process of evaporating the 
water contained in the smudge-fire materials. Thus the process is 
well ordered throughout. In the first place, an undue quantity of 
heat, whereby undesirable drafts would be created, is not communi- 
cated to the air by the fires, and the final result is that in reliberating, 
by condensation, the water in the air the particles of moisture remain 
suspended in the air, and some of the heat of the fires is returned to 
the air in a form which, to a certain degree, warms it without caus- 
ing currents which would be calculated to disturb the smoke cloud, 
or pall, and the moist air which overlies the ground and uvon whose 
presence the safety of the plants from frost depends. 

Portable smudge fires.—A number of excellent devices have been 
tried, in which the fires were built upon some vehicle by which they 
could be moved about the orchard. The advantages of this plan are 
several. 

First. The fire can be moved to the section where most needed, 
which is generally along the windward side of the orchard. 

Second. The loss of heat by an upward draft is almost entirely pre- 
vented, since the fire does not remain in one position long enough to 
establish such a draft. On this account much larger and, conse- 
quently, fewer fires, with equal efficiency, are possible. 

Third. There is a much more uniform distribution of heat and 
smoke throughout the orchard. 


Aside from the smudge fires, other devices have been adopted to 
charge the air directly with moisture, some of which are constructed 
on a plan too elaborate and expensive for general use. 

The first operation involved is the evaporation of water in large 
quantities, either by means of evaporating pans or by the use of boil- 
ers with connecting pipes whereby steam can be generated, con- 
ducted, and discharged into the air in different parts of a field or 
orchard. 

Spraying and sprinkling plants in times of threatened frost has 
also been attended with some degree of success. At the Everest 
ranch, at Riverside, Cal., sprinklers are placed at the top of 50-foot 
masts, which fill the air with a very fine spray. In nearly every in- 
stance the protection against frost by this method has been sufficient. 
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Sprinkling gardens before sunrise on frosty mornings has proved 
of decided value. 

Secondly, irrigation, which of necessity can be used only to a very 
limited extent and in certain favored localities, has been found to 
afford very complete protection from frost in fields, orchards, and 
vineyards which are equipped with irrigation ditches, and in the 
cranberry districts of Wisconsin and Cape Cod perfect protection from 
damage by frost is secured by flooding the cranberry marshes the day 
before heavy frost occurs in those sections. 

In no case should water be allowed to stand in orchards, vineyards, 
or gardens during the early growing period while danger from frost 
is possible, for the reason that water unduly promotes the growth of 
young plants and thereby renders them more susceptible to damage 
by frost and cold than are the plants whose growth is retarded. 


GENERAL OBSERVATIONS AND PRACTICAL RESULTS. 


The general campaign of frost fighting, as thus far laid out, covers 
three main lines: 

(1) Accurate advance information of the occurrence of frost. 

(2) Applying preventive measures during critical hours. 

(3) Preventing sudden warming of chilled fruit, or a too rapid 

thawing out. 

Under the first of these heads great progress has been made in the 
past five years. Throughout the various fruit sections of the United 
States, Weather Bureau officials recognize the value of special study 
of types of frost maps. The work first undertaken in California on 
a large scale and for a distinct purpose is now an important feature 
of the foreeaster’s work at a large number of places. Frosts are 
found to occur as a consequence of certain movements of low and 
high pressure areas and the displacement of the lower air incident to 
the pressure changes. Frost is a matter of air drainage, both on a 
large scale and on a small scale. In other words, frosts are success- 
fully forecast because we understand the general movements of the 
lower air and in particular certain local circulations. 

The forecaster anticipates a condition in which the lower air strata 
are quiet, dust free, and very dry. Under such condition there is 
rapid radiation and loss of heat from plant and ground and a sharp 
fall in temperature. While the forecaster gives the general condi- 
tions favorable for frost, it must be clearly understood that each indi- 
vidual orchardist must study his own problem of air movement in 
his own locality. These local circulations should be studied in con- 
nection with the daily weather map. It is also advisable to have 
certain instrumental records, such as are given by the thermograph 
and hygrograph. 
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Under the second head we have discussed the physical processes 
operative in the formation of frost and mentioned the various devices, 
such as smudging outfits, coal baskets, oil pots, orchard heaters, 
antifrost covers, etc. Opinions will differ as io the relative efficiency 
of various devices, and some are undoubtedly more serviceable for 
certain localities than others. 

There are three general principles used in frost-protection devices: 

(1) Adding heat. 
(2) Saving heat. 
(3) Mixing or stirring the air. 

Under the third head, methods based upon mixing or stirring the 
air, no special devices that are available and practicable are known. 
When nature mixes the air—i. e., on windy nights—frost does not 
occur. It is now known to meteorologists that layers of air of dif- 
ferent temperature may lie close to one another without mixing. 
On nearly every frosty night there is a difference of 6, 8, or 10 degrees 
in temperature between the ground and the air 10 feet above, the 
warmer layers being above. Where air is well mixed and there is 
good ventilation, we seldom find frost. 


WORK IN FLORIDA. 


Devices used in Florida for the protection of fruit, vegetables, and 
berries from frost and light freezes conform in character to those 
tested in the California experiments, in which fires were found to be 
the most effective means of protection, and appliances for adding 
moisture to the air were successful only to a slight degree. 

As artificial appliances are totally inadequate to add to the atmos- 
phere any very appreciable amount of moisture, it is evident that 
methods which may have been found ineffective in the dry climate 
of California would possess value in localities where their office is 
confined to adding moisture to an already moist atmosphere. The 
Gulf and South Atlantic Coast States, and in fact the country gen- 
erally from the Mississippi Valley to the Atlantic seaboard, possess 
a moist atmosphere, and the fruits and tender vegetables of these 
districts can, therefore, be the more readily protected from frost by 
devices which add moisture to the air. As a means of adding mois- 
ture to the air, irrigation should be more effective than in California; 
and in localities where this method can be used protection will be 
assured except against hard freezes. 

Owing to the comparatively inexpensive character of the materials 
used in damp smudge fires, they seem the best adapted for common 
use in groves and gardens. Berries and other low plants can be 
protected with but little expense by coverings of straw and other 
light materials. In Florida pine needles are successfully used to pro- 
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tect strawberries. Devices for actually heating the free and open 
air are expensive, and their value is dependent solely upon a com- 
paratively still air and small, numerous, and well-distributed fires. 
In Florida many experiments have been made with a view to 
adopting devices which will protect citrus trees and fruits from 
injury during the periods of severe cold which at times visit that sec- 


tion. The fact that these periods of cold are infrequent does not - 


relieve the grower from the necessity of providing for their occur- 
rence. Effective measures of protection necessarily vary with the 
conditions that confront the grower. Protection can be made effect- 
ive by tents, coverings of cloth, sheds, and one-half and one-third 
lath shelters and their modifications, that retain heat from open 
wood fires and sheet-iron stoves. The expense of these methods is 
obviously too great to make their employment, except for choice vari- 
eties of fruit, commercially profitable. 

In this State protection of citrus trees and fruit in the open field 
is usually afforded by what is known as “‘firing.’”’ This method is 
effective, except in the presence of severe freezes, provided rain or 
strong winds do not accompany the cold. Heavy rain will, of course, 
extinguish the fires, and strong winds will not permit a necessary 
accumulation of warm air about the trees. When no rain is falling 
and the wind is light, fires must be built on the windward side of the 
trees, so that the heat will be carried through the trees, and the num- 
ber of the fires must be regulated by the degree of cold. In this form 
of protection the grower must lay in and place his materials for 
‘‘firing”’ before the winter season sets in, and must, during the sea- 
son, be on guard to utilize the materials (usually wood) that he has 
accumulated. When local indications point to dangerously low 
temperatures, or when warnings have been received from the Weather 
Bureau, he should watch his thermometers, exposed in the groves, 
and be prepared to ‘‘fire” with a rush when the mercury sinks to 
the danger point, 28° F., with a downward tendency. There is no 
time on the eve of a freeze to collect firmg materials, and the grower 
must not desert his grove for bed or board so long as danger by cold 
continues. He will have his hands full keeping his fires going, even 
if he has sufficient material for that purpose. Material should be 
available for at least three nights. Cold spells seldom last longer. 
The danger increases with the length of the cold spell. Trees and 
fruit become chilled and the last night of a cold spell is likely to be 
the one that does the damage. The freeze of December 23-27, 1906, 
lasted five nights, and in some sections the last night produced the 
lowest temperatures of the period. In some localities growers had 
exhausted their supply of firing material and, as a consequence, suf- 
fered a loss of fruit and young trees. 
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In. cases of severe cold, fruit can not be saved, and trees can be pre- 
served only by banking up the trunks by sand or soil. Small trees 
can be buried, and older trees can at least be protected above the parts 
where they have been budded. 

The damage that will result from a given degree of cold varies 
with the condition and size of the tree. Well-grown trees in a dor- 
mant condition will stand without serious injury, except to foliage, 
a temperature of 18° to 20°, provided it is not too long continued. 
When the sap is flowing these temperatures are likely to kill growing 
trees, and are apt to cut small, unprotected trees to the ground. 
Well-grown trees in a dormant condition will stand without injury 
a temperature of 26° of continued cold, and can for several hours 
stand temperatures of 22° to 24°. When the sap is flowing these 
temperatures continued for several hours will be more or less injuri- 
ous. Cold that will freeze fruit will injure small trees. In the 
freeze of December 23-27, 1906, temperatures in parts of the orange 
belt fell to 20°, and even to 18° and below, on one and in some cases 
two nights without injury to large trees, except to foliage, and with 
a surprisingly small loss of fruit and small trees. This freeze had 
been preceded by about two months of rainless weather, and found 
the trees in a dormant condition. The destructive freezes of pre- 
ceding years usually followed periods of wet weather that promoted 
a flow of sap. 

WORK IN MISSOURI. 


In the Monthly Weather Review for May, 1910, Professor Howard, 
secretary of the Missouri State Board of Horticulture, expresses the 
following views relative to critical temperatures and the necessity of 
definite and detailed advance information in connection with frosts: 


The horticulturists at the University of Missouri have closely determined the 
temperatures representing the danger point to fruit for the different stages in its 
development, as shown by the following brief summary of Circular No. 13, Missouri 
Experiment Station, 1909: 

‘Fully dormant peach buds can stand 8° or 9° below zero (F.). When they are 
appreciably swollen, zero is the danger point. When the buds are showing pink, 
they can stand 15° above zero. When the buds are almost open, 25° is the point of 
danger. When the petals are beginning to fall, 28° above zero is cold enough to 
cause uneasiness. When the petals are off, they can stand 30° above zero. When 
the ‘shucks’ (calyx tubes) are beginning to fall off, 32° above zero is the danger point.”’ 

It is estimated that the April, 1910, freeze caused a loss to the people of Missouri 
of $2,500,000, and it would mean thousands of dollars to the fruit growers in carrying 
out protective measures in the future to know just when to start the heaters in the 
orchards. It has been demonstrated that it is not a difficult matter, if one is prepared 
for it, and knows how to start the work, to raise the temperature in an orchard 5° to 
6°, sufficient during almost any cold night in the spring to save many an orchard 
from injury. The question asked so often is, ‘‘When shall we start the heaters?”’ 
To start them too soon is expensive, but to start them too late would be more expen- 
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sive in the end. In this matter of advice the Weather Bureau must shoulder the 
burden, and it must take up the task with an earnestness that should prove successful. 
The forecaster must be thoroughly familiar, not only with the geographical location 
and topographical conditions of the section for which forecasts are made, but he must 
keep himself fully informed as to the progress of the fruit crop in its different stages 
of advancement. The state forecast issued by the district forecaster is all that is 
necessary for the public in general, but where specific information is desired it is 
not satisfactory. It will not suffice to simply send a weather message toa fruit locality 
in time of danger from low temperature, reading ‘‘Fair to-night and colder, with 
frost;” but the message must say how cold it is expected to be; for instance, something 
like the following: ‘‘Fair and colder to-night, with frost; temperature about 36°; no 
danger to fruit.’’ And again, ‘‘Fair and colder to-night, with freezing temperature; 
28° or lower by morning; start heaters after midnight.”’ 

While specifying the exact degree of cold expected may not be practicable for the 
district forecaster, owing to the extent of territory forecast for, and the limited time 
in which he has to make the forecast, it is being done, and can doubtless be brought 
to a high degree of accuracy, by the local forecasters. 


DISTRIBUTION OF FORECASTS IN CALIFORNIA. 


The system of frost warnings has reached a high degree of effi- 
ciency in California. The district forecaster sends telegrams each 
night to important fruit centers during the frost period, indicating 
the type of frost, whether light, heavy, or killing, the general weather 
conditions, and advice as to whether fire will be necessary. 

To illustrate the way in which the information is distributed from 
the larger centers, the following statement is furnished by Mr. A. B. 
Wollaber, local forecaster at Los Angeles: 


In California, where the changes in weather conditions can be only forecast ior a 
short time in advance and where changes from one extreme to the opposite are often 
sudden, it has been found necessary to adopt a system whereby the local office can 
keep in touch at all times with the citrus industry. Here we find that the best means 
for accomplishing this purpose is the telephone, and in addition to the free distribution 
of our warnings by the long-distance companies operating in thissection, we have an 
arrangement whereby we can reach the entire fruit belt within half an hour and 
disseminate our warnings through the medium of the fruit exchanges. The Weather 
Bureau pays for this service and therefore is in a position to demand and to receive 
prompt service. To accomplish this we have prepared a list of the exchanges in the 
fruit belt to which we send our warnings, and this list is on file with the chief operators 
of the long-distance companies. When we desire to send a warning we call for long- 
distance chief operator and give the message, which is immediately sent out. This 
system is used only in extreme cases, as when the regular maps and cards have been 
sent without a frost warning. That could occur in this manner: When a storm which 
gives indication of clouds or rain during the period covered by the morning forecast 
passes eastward more rapidly than was anticipated, causing a rapid clearing, and when 
later information from the district forecaster shows the probability of more severe 
conditions than anticipated on the morning reports. 

Now, it happens in this section that not all ranches need protection at all times. 
The managers of the several fruit exchanges are personally familiar with conditions 
in their respective sections and are considered to be best qualified to disseminate this 
important information. 
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Special frost-warning cards are mailed to all post-offices, fruit exchanges, and railroad 
depots before the frost period begins. There has grown up a personal relationship 
between the growers and the local office, and through this much good has been 
accomplished. 


MISCELLANEOUS. 


A TWO YEARS’ STUDY OF SPRING FROSTS AT WILLIAMSTOWN, 
MASS. 


A valuable paper by Prof. W. I. Milham on the above subject was 
published in the Monthly Weather Review for August, 1908. The 
special purpose of the investigation was the critical study of the 
spring frosts, first, to test the prevalent belief that the probable 
minimum temperature could be computed from the maximum and 
dew-point, or from the reading of the wet-bulb thermometer of the 
afternoon before the frost; second, to study the variation in the 
severity of frost at different places within a small area; and, third, 
to study the variation in the severity of frost with varying distances 
above the ground. Professor Milham came to the following con- 
clusions: 

(1) The cool nights of spring when a frost might be expected are very dry, and the 
dew-point lies so low that it plays practically no part in determining the minimum 
temperature.: 

(2) The amount of the drop from the maximum to the following minimum is very 
far from a constant, even if the characteristics of these nights seem very nearly the 
same. In each case in estimating the probable drop one must take into account the 
probable amount of cloud, the probable wind velocity, the possibility of a change in 
wind direction, and possibly other things. 

Milham holds that two processes operate to produce the cooling, 
first, the importation of cooler air, and, second, the radiation of heat 
from the ground and the cooling of the air next to it by conduction. 
It might seem that the cool nights during which frosts seem probable 
could be divided into two groups, depending upon whether the 
importation of cold air or radiation from the ground was playing the 
larger part in producing the cooling. It is found, however, that 
both processes are nearly always operative. It may not be out of 
place at this point to call attention to the fact that the heat which 
has been absorbed by the ground is re-emitted as radiation of long 
wave lengths, from 4 » to 20 z. 

Milham calls attention to the fact that the temperature of vegeta- 
tion in the open, near the ground, in the coldest part of the tract 
may be 11° lower than the estimated minimum in a given shelter. 

An interesting paper upon temperature variations near the surface 
of the soil during the formation of frost, by Mr. Dewey A. Seeley, 
local forecaster, can be found in the Monthly Weather Review for 
August, 1908. He is of the opinion that a considerable amount of 
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the heat given off, during the condensation of vapor as frost and dew, 
is retained in saturated air near the ground level and also by the 
foliage of the plants themselves. The influence of a surface covering 
of vegetation on the temperature of the soil was marked. It was 
found that the soil beneath the grass was warmer both at night and 
during the day than the naked soil; but the temperature of the air 
above the grass was lower in both cases than over bare ground. 

The dew-point as recorded at 7 p. m. and the minimum tempera- 
ture registered the following morning for sixty days were tabulated 
and the differences computed. From these it appears that on the 
average the minimum temperature went 2.9° below the 7 p. m. dew- 
point. In but three cases did the temperature fall more than 10° 
below the dew-point recorded at 7 p. m. The thermograph 
traces made during clear weather with light wind show that the 
temperature fall goes on much more rapidly during the first part of 
the night, before the dew-point is reached. 


[A list giving the titles of all Farmers’ Bulletins available for distribution will be 


sent free upon application to a Member of Congress or the Secretary of Agriculture. ] 
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LETTER OF TRANSMITTAL. 


U. S. Department or AGRICULTURE, 
Orrice or THE WEATHER Bureau, 
Washington, D. C., August 22, 1911. 

Sir: I have the honor to recommend that the manuscript herewith 
be published as a revised edition of Farmers’ Bulletin No. 104. 

In compliance with directions contained in your letter of March 29, 
1899, a paper on the subject of frost, prepared by Prof. E. B. Gar- 
riott, Weather Bureau, was submitted and published as Farmers’ 
Bulletin No. 104. This bulletin furnished valuable information re- 
garding methods of protection from frost. Methods advocated in 
previous publications were mainly the results of experiments con- 
ducted in California orchards. Bulletin No. 104 was designed to be 
of value in all sections of the country rather than in restricted 
districts. 

As the California experiments quoted were perhaps the most thor- 
ough ever made in this country, a description of the methods em- 
ployed and the results obtained is reprinted in brief in this paper, 
together with results of similar experiments made in the citrus- 
fruit and truck-growing districts of the Gulf States, where varying 
climatic conditions have been found to produce somewhat different 
results. Additional information personally acquired by Prof. Gar- 
riott during a visit to Florida in the winter of 1906-7, and certain 
climatic data, also form features of this paper in its revised form. 

The development of orchard heaters and other devices now success- 
fully used in saving crops from injury by frost necessitates a new 
issue of this bulletin. Owing to the death of Prof. Garriott, the 
revision has been undertaken at my direction by Prof. McAdie. 

Your wishes that the subject be treated in a popular way and 
divested of all technicalities, and made applicable to all portions of 
the United States, have been complied with so far as the nature of 
the subject would permit. 

Respectfully, Wiuts L. Moors, 
Chief, Weather Bureau. 

Hon. James WIson, 

Secretary of Agriculture. 
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HOW FROST IS FORMED. 


The atmosphere of the earth always contains more or less moisture 
in an invisible form. When at a considerable elevation above the 
earth this moisture, or aqueous vapor, is condensed, clouds are 
formed; when the process of condensation is more active and. the 
temperature of the air is above freezing, rain falls; and when the 
temperature of the air is below freezing, snow is produced. When 
the moisture of the air in immediate contact with the earth is con- 
densed at temperatures above freezing, dew is formed; when at tem- 
peratures below freezing, frost is deposited. Frost is, therefore, the 
moisture of the air condensed at freezing temperatures upon plants 
and other objects near the surface of the earth. 

In the process of frost formation the temperature of the air a few 
feet above the earth is commonly several degrees above freezing. 
The surfaces upon which frost is deposited must, however, possess 
freezing temperatures. The manner in which frost is deposited on 
plants and other objects is very similar to that in which the air 
moisture of a room is frozen and deposited upon window glass, the 
temperature of which has been reduced to freezing by the out-of- 
doors cold. In the case of the frost on the window glass the process 
is one that can readily be understood. Some explanation, however, is 
required of the formation of frost, which requires freezing tempera- 
ture, when at times a temperature above freezing is registered a few 
feet above the surfaces upon which frost appears. 

There are several processes by which the temperature of plants may 
be reduced below the temperature of the air which surrounds them. 
The most important of these processes is radiation, by means of which 
heat escapes from objects and passes into the surrounding air. 

In the frost-forming process heat from the sun which is absorbed 
by the earth and by plants during the day is lost by radiation at 
night. During the day the earth both absorbs and reflects the heat 
received from the rays of the sun, and the lower stratum of air is 
warmed by this reflected heat. During the night, when no direct 
heat is received from the sun’s rays, the lower air stratum receives no 
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reflected heat, and at the same time heat which has been absorbed by 
the earth is radiated, or, in other words, it rises through the overlying 
air, though not necessarily and entirely as sensible heat; that is, heat 
perceptible to the senses. In the frost-forming process there is an- 
other very important factor in the production of cold; that is, the 
evaporation of moisture from the earth and from plants. The nature 
and composition of frost require that the air in immediate contact 
with the surfaces upon which frost forms shall contain moisture. 
This is moisture that has been stored in the earth in visible form, 
i. e., in the form of water, and which has escaped from the earth, not 
as visible moisture, but by the process of evaporation and in the form 
of aqueous vapor. Some part of the heat stored by the earth during 
the day is, therefore, lost in evaporating the moisture contained in 
plants and in the earth. The heat expended in this process is not 
sensible, but latent. Heat is rendered latent when it is used to boil 
away water, and it becomes sensible or liberated heat when the water 
vapor again condenses into water. It appears, therefore, that the 
temperature of surfaces upon which frost forms, and of the air in 
immediate contact with them, is lowered by the evaporation of mois- 
ture from the surfaces. The influence of the process does not extend 
to air a few feet above the ground. 

Another method by which plants lose their heat is by convection, by 
means of which they are chilled by contact with colder air. This 
process, while important in the presence of freezing air temperatures, 
can scarcely be considered a factor in the formation of frost proper, 
which is usually accomplished when temperature observations show 
the air to be above freezing. 

Air arranges itself according to its density or weight. Air in 
immediate contact with the earth becomes heavier as its tempera- 
ture is lowered by the radiation of heat and settles in depressions 
or valleys and over lowlands, causing, at times, frost in low-lying 
districts, while neighboring higher grounds escape the visitations. 

Note.—A given quantity of heat absorbed by several substances of different 
specific heat will produce a different temperature in each; the lower the specific 
heat of the substance the higher will be its temperature; and besides, different 
substances have different coefficients of asorption and of reflection. Therefore 
under the same insolation rocks, clay, vegetation, and other substances come to 
temperatures that often differ by many degrees. 

The air next to earth largely partakes of the temperature of the surface, and 
in consequence, when the sky is clear, so that incoming and outgoing radiations 
may progress freely, and the air is but little disturbed by wind, wide variations 
in the temperature of the thin stratum of lower air may occur over adjacent 
plots of ground of precisely the same elevation but different covering.—Moore’s 
Descriptive Meteorology, p. 108. 
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SEASONS OF FROST. 


Generally speaking, agricultural products in some part of the 
United States are menaced by frost from the time nature begins to 
extend her mantle of green from the citrus regions of the South 
toward the grain fields of the North until the verdured area contracts 
southward before the first winds of winter; from the hour that seeds 
germinate and buds blossom until crops are gathered; from early 
spring until late fall. As a rule, the critical periods are during the 
early growth of plants and when the fruit is in the bloom, and again 
when crops are maturing. In the first instance vegetation is threat- 
ened by the frosts of early spring, and in the latter by the frosts of 
autumn. 

Considering the several agricultural sections in greater detail we 
find that damaging frost is likely to occur in the north half of the 
Florida Peninsula, the region immediately bordering the coast of the 
Gulf of Mexico, and in the interior of California from the latter part 
of October until the early part of April, and in the North Pacific 
Coast States as early as the middle of October and as late as the last 
week of April. From December until early in March the frost limit 
and even the line of freezing temperature may, at long intervals, be 
extended southward over central and southern Florida. The period 
of damaging frosts in the interior of the South Atlantic and Gulf 
States extends from November to April. From October to April the 
region in which agricultural products are subject to damage by frost 
is extended to the southern lake region, over the Upper Mississippi 
and Lower Missouri Valleys, Kansas, and Nebraska, and from Sep- 
tember to May frost visitations are usually confined to the extreme 
Upper Mississippi, Upper Missouri, and Red River of the North Val- 
leys, and the Rocky Mountain and plateau regions from central New 
Mexico and the Texas Panhandle northward. (See figs. 1 and 2.) 

The occurrence of summer frosts in mountain regions and in 
extreme northern districts of the country iscommon. The following 
are notable instances of summer frosts in agricultural districts: 

‘August 22 to 24, 1890, a frost-bearing cool wave advanced from the 
Dakotas over the lake region and the interior, or mountain districts, 
of the middle Atlantic States. 

August 28 to 31, 1892, a cool wave advanced from the Rocky Moun- 
tain and plateau regions, with frost from New Mexico to the Dakotas, 
Towa, Minnesota, northern Wisconsin, and northern Michigan. 

August 8, 1904, frost damaged vegetation in low-lying lands in the 
States of the upper lake region. 

Bulletin P, of the Weather Bureau, gives a chronological state- 
ment of the more important cold periods that have been experienced 
in the United States, and contains charts that present conditions that 
preceded and attended the principal cold waves and frosts of the 
15 years from 1888 to 1902. 
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Bulletin V, of the Weather Bureau, issued in 1911, gives in more 


detail frost data and length of the crop-growing season as determined — 


from the average of the latest and earliest dates of killing frost. 


WHEN TO EXPECT FROST. © 


As the conditions which produce damaging frost are subject to 
modifications which are as numerous as the kinds of crops raised, and 
as varied as local topography, local climate, and local soil conditions 
in the various sections of the United States, the writer in attempting 
to treat briefly a subject which is so diversified in its aspects is con- 
fronted with many difficulties. Suffice it to say that with other 
atmospheric conditions favorable for its occurrence frost may, as a 
rule, be expected when temperature, as reported by stations of the 
Weather Bureau, falls to a point 8 to 10° above the freezing point. 
As previously stated, the surfaces upon which frost is deposited must 
be at or below freezing temperature, although the temperature of the 
air a few feet above may be several degrees above freezing. It is 
the temperature of the air, in some instances many feet above the 
ground, that is given by the Weather Bureau observations. Another 
atmospheric condition favorable for the occurrence of frost is a clear, 
cloudless, and comparatively calm night. Clouds retard radiation 
or loss of heat from plants and act as a screen in preventing the heat 
collected from the sun’s rays during the day from escaping into the 
upper air. When clouds are not present and a withdrawal of the 
sun’s rays causes a rapid cooling of the air at moderate elevations, 
the warmer air which collects near the surface of the earth during 
the day rises, and the cooler upper air, owing to its greater density or 
weight, settles to the earth. It will be noted that clouds not only 
prevent the escape of the warm air in immediate contact with the 
earth, but also blanket, as it were, the upper part of the lower air 
stratum. Calm or comparatively still air is a condition which favors 
the formation of frost. On windy nights the air is disturbed and is 
not permitted to arrange itself in layers according to its density, with 
the densest and coldest air near the surface of the earth; it is kept 
mixed up by the wind. 

A very interesting fact, which illustrates the manner in which cold 
air settles by its greater weight to the surface of the earth and allows 
the warmer air to assume higher levels, causing frost in low grounds 
and granting to the higher grounds a comparative immunity from 
frost, is set forth in the following article, by Prof. Cleveland Abbe, in 
the Monthly Weather Review for December, 1893, entitled “Thermal 
belts, frostless belts, or verdant zones ”: 


These are local names given to certain regions on mountain sides within which 
nocturnal frost rarely or never occurs in the springtime, although freezing tem- 
peratures occur in the wintertime. Consequently tender vegetation flourishes 
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with remarkable vigor in these regions. The following are the only references 
to thermal belts in the United States at present known to the editor, but as such 
regions are specially important to the horticulturist and agriculturist it is 
hoped that the correspondents of the Weather Bureau will bring these thermal 
belts to notice wherever they occur in order that their meteorological peculiari- 
ties may be better understood. 

In the Agricultural Report of the Patent Office for 1861 Mr. Silas McDowell, 
of Franklin, Macon County, N. C., describes the verdant zone in that county in 
the valley of the Little Tennessee River. It occupies the region between 300 and 
700 feet above the valley of the river, which latter is about 2,000 feet above 
sea level. On tracing this zone up among the smaller tributaries of the Tennes- 
see River he found that in the higher valleys, where the bottom land is about 
3,900 feet above sea level, the verdant zone lies between 4,000 and 4,100 feet. 
Within this zone frost never injures the vegetation, and the most tender grapes 
never fail to produce abundant crops. 

Prof. J. W. Chickering, jr., in the bulletin of the Philosophical Society of 
Washington, March, 1888, and in the American Meteorological Journal, volume 
1, describes the following thermal belt: “ In Polk County, N. C., along the east- 
ern slope of the Tryon Mountain Range, in latitude north 35, the thermal] belt 
begins at the base of the mountain, at an elevation of 1,200 feet above the sea, 
and extends up 2,200 feet, being most perfect at about 1,500 feet. It is about 8 
miles long, and is distinguished by magnificent flora, such as would be charac- 
teristic of a point 3° south of the actual latitude.” 

Prof. John Leconte, of Berkeley, Cal., in Science, volume 1, page 278, states 
that at Flat Rock, near Hendersonville, Henderson County, N. C., on the flank 
of the mountain spur adjacent to the valleys of the Blue Ridge, he also observed 
a frostless zone. The valley is about 2,200 feet above sea level, and the thermal 
belt is 200 to 300 feet above the valley. - 

In the American Meteorological Journal, volume 1, Mr. S. Alexander describes 
a thermal belt in which the peach tree flourishes.in the southeastern portion of 
Michigan. He shows that the cold island discovered by Winchell in that region 
is really the bottom of a topographical depression into which the cold air settles. 
It is a long valley surrounded by a belt of elevated country from 50-to 600 feet 
above Lakes Michigan and Huron. The valley and the isotherms trend north- 
east and southwest from Huron County through Sanilac, Lapeer, Oakland, Liv- 
ingston, and Washtenaw to Hillsdale County. The highlands of this region are 
all much freer from frost than the lowlands, and all much more favorable for 
early vegetation. He does not state that any point is high enough to be above 
the thermal belt, but that, in general, two equal parallel thermal belts inclose the 
cold island between them. 


The thermal belts of California are described in various publica- 
tions of the Weather Bureau, particulafly Bulletin L, “ Climatology 
of California.” 

In the various numbers of the Monthly Weather Review and in 
the various summaries published by section directors and district 
editors special attention has been given to zones of little injury from 
frost. In nearly every section there are some specially favored 
localities. One example will serve to illustrate. In the Monthly 
Weather Review for May, 1910, Prof. Howard, secretary of the 
Missouri State Board of Horticulture, calls attention to the fact that 
certain sections in that State, for no appazent reasons based upon 
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topography or isotherms, nearly always escape injury. He instances 
particularly the famous peach region about the town of Koshkonong, 
in Oregon County. Mr. George Reeder, section direttor, after a 
careful examination of climatic data, comes to the conclusion that 
the apparent immunity of orchards in the neighborhood under dis- 
cussion from damaging temperatures in the spring is probably due 
to local air drainage, the cold air being drained away from the 
orchards. He gives tables showing that the cold air spreads out and 
is drained away down the southern slope of the Ozark Plateau, some- 
times more toward the southwestward, then toward the south, and 
again the flow may affect only the southeast. Mr. Reeder states: 


It appears as if the cold air currents had divided, one part rolling toward the 
White River Valley, as indicated by the temperature at Hollister, and the other 
part going toward the Black River Valley, as indicated by the temperature at 
Doniphan. Instead of the favorable peach belt, if any, extending east and 
west, as suggested by Prof. Howard, it probably extends northerly and south- 
erly, or, in other words, it lies along the Ozark border, a narrow strip of table- 
land having elevations ranging between 1,000 feet, on which are situated Kosh- 
konong, Mo., and Mammoth Springs, Hardy, and La Crosse, Ark. This strip 
bends not far from La Crosse, and thence extends northwestward above the 
White River Valley. The temperature on this border does not fall so low at 
times as does that at lower as well as higher altitudes. 

The cold of April 25 and 26, 1910, that caused so much damage to the fruit 
crop of Missouri was quite uniformly distributed over the section under discus- 
sion, as may be seen from the following table: 





Counties. Stations. ature. Date. 
oP. 
RRes sath is spied hos ovccipae cusp tsupnpeetaacee DOR ks ceteris eestienastnas 28 | Apr. 26 
MDL 5 ac th Weeden + Pens ae Vege an nerds t es xsmenpoaude tte EE 31 0. 
NNET VEILS NL oadelic ct dliocsNas tkuins oVbcuctganedcwedes OUMNS 3 2 tbptdbare dddecctees 27 | Apr. 25 
SINR Sot Fatecucident ane so vis Gmltracdstadinten dhs see Koshkonong.........-....-- 29 0. 
MEP Es avecracestisce cree ct astecrlcccue st ccesedn ent so Rh Ee eS 32 Do. 


The cold spell was accompanied by cloudy skies and rain mixed with snow, 
and the movement of the cold currents of air was quite different from that 
which takes place under a clear sky, or when there is no rain or snow. It will 
be observed that during cold periods, with more or less cloudiness and moisture, 
the temperature on the hills may fall to a lower value than the temperature in 
the valleys; on the other hand, had clear weather prevailed during the nights 
of April 25 and 26, the temperature conditions would have been reversed, the 
valleys probably being much colder. It is also quite clear, had the fruit in the 
valleys escaped winter injury it would have received no more damage from 
the freeze of April than was sustained in the neighborhood of Koshkonong. 


Prof. Abbe states in Monthly Weather Review for December, 1903: 


It is generally conceded that these thermal belts depend both upon the drain- . 


age of cold air downward into the lower valleys and the freedom of radiation 
from the surface of the ground to the clear sky overhead. During a still night, 
when frosts occur, the surface of the hillside cools by radiation, and hence cools 
the air in contact with it; the latter flows downward as long as its cooling by 
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radiation and conduction exceeds its warming by compression. Inasmuch as 
its cooling depends on contact with a still colder soil or plant, it soon ‘accumu- 
lates in the lowlands as a layer of cold air, which grows thicker during the 
night by the steady addition of the thin layer of descending air in contact with 
the ground on the hillsides. The warmer air, which has not yet had an oppor- 
tunity to cool by contact with the ground, floats on top of the cold mass; it 
spreads out toward the hills, and is continuously furnishing its heat to the 
adjacent hillsides as fast as it comes in contact with them before it also cools 
and descends. The formation of the thermal belt seems to depend largely upon 
this gentle circulation during the nighttime. The lower limit of the belt is 
defined by the depth of the accumulation of cold air in the confined valley and 
rises higher in proportion as the night is clearer and longer, and also in propor- 
tion as the valley is more or less perfectly inclosed. The upper limit of the 
thermal belt may depend upon the strength of the wind and the general tem- 
perature of the air. But if there be no wind, then it depends equally on the 
freedom of radiation to the clear sky and on the above-described circulation 
of air. 

The facts quoted above show that frost may be expected on low 
grounds at times when higher grounds escape the visitations, and 
the lesson they teach is that early and tender crops should, so far as 
may be practicable, be confined to crests, hillsides, and mountain 
sides, and later and hardier crops to the lowlands and valleys. 

Local climate, as it is influenced and regulated by the proximity of 
bodies of water, must be given great weight in calculations regarding 
frost. Frost is less likely to occur in localities swept by moisture- 
laden air which has crossed a considerable body of water. This is 
more especially the case in the fall of the year, when the temperature 
of bodies of water is reduced very slowly; and in the ‘South,\ where 
the water temperature continues relative high throughout the year, 
the influence of the water is especially marked. During the colder 
months air is not only warmed in crossing considerable bodies of 
water, but it also absorbs moisture, which, although invisible in the 
form of water vapor, has the effect of retarding the radiation of heat 
from the earth. In fact, so pronounced is the influence of water 
and water vapor that localities which with reference to exposure to 
west and northwest winds are, as it were, in the lee of large bodies 
of water are comparatively free from frost visitations. On the keys 
of the east Florida coast, which are protected on the west by lagoons, 
rivers, lakes or bays, frost is said to be unknown, and throughout the 
central and northern sections of the United States, localities which 
are protected on the west and northwest by bodies of water of consid- 
erable size, are not only favored, by reason of their position, with 
conditions which do not promote the formation of frost, but also 


‘receive the benefits derived from heavier falls of snow. 


Local soil conditions constitute, to a certain extent, a factor in the 
formation of frost. -As a rapid loss of heat is promoted by an active 
evaporation of moisture, it is evident that, with other conditions 
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equal, frost is more likely to occur on damp than on dry ground, pro- 
viited, however, that the ground is not too moist, for in the latter 
event the amount of moisture evaporated and added to the air would 
have a tendency to retard the radiation of heat from the earth. And 
herein lies the distinction, so far as frost formation is concerned, 
between moist air and moist soil. An excess of moisture in the air, 
in preventing, to a degree, the radiation of heat, is unfavorable to 
the formation of frost. As frost is the moisture of the air in imme- 
diate contact with the earth condensed at freezing temperature, it 
follows that the earth, from which the moisture of the air is drawn, 
must contain more or less water, and it is evident that damaging frost 
will occur with a limited rather than with a large quantity of mois- 
ture arising from the earth and a moderately moist and compara- 
tively still air. Both of these conditions usually obtain following, 
but not too closely following, the rains of spring and autumn. The 
character of the soil as regards its capacity for retaining moisture 
must also be taken into account, more especially during periods of 
comparatively dry weather. Moist soil, as well as the vegetation 
which springs from it, is chilled to a lower temperature by the evap- 
oration of-moisture, and is therefore more subject to visitations of 
frost than soil which is dry, or into which water penetrates deeply, 
leaving the surface dry, or soil which sheds the rain and does not 
absorb and hold water. It is important to note, however, that very 
moist soil, or soil which contains a large amount of surface water, is, 
owing to the,quantity of moisture yielded to the air, not so subject 
to the heavy and damaging frosts which visit plants on moderately 
damp ground or ground that has a small capacity for moisture. 


INFLUENCE OF SOIL AND VEGETATION ON MINIMUM 
TEMPERATURE. 


Prof. W. L. Moore, while engaged in studying frost formation in 
the cranberry bogs of Wisconsin, in 1891 to 1894, came to the con- 
clusion that for a given area the occurrence of frost depended more 
upon the character of the surface, its covering, and the degree of 
heat and moisture to which it had been subjected for several days 
preceding than to the general temperature and pressure of the air, 
one field receiving an injurious frost, another a light frost, and still 
another none at all, while apparently the same weather conditions 
prevailed at a moderate distance above the ground. Experiments 
carried on since 1906 by Prof. Cox in connection with the protection 
of cranberries show that in the bogs there may be surface differences 
of from 5° to 10° in temperature, while at an elevation of 3 feet these 
differences disappear. Prof. Cox is of opinion that variation in 
temperature is due largely to differences in temperature of the soil 
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or covering. It is as if heaters of varying power were scattered over 
the bog, giving off heat to the air immediately above. Investigations 
carried on at Berlin, Cranmoor, and Mather show that in sections 
which were carefully weeded and cleaned and were free from moss 
the temperatures were higher. Progressive cranberry growers find 
that by cultivating, draining, and sanding, low night temperatures 
are prevented. 

Bulletin T, of the Weather Bureau, issued in 1910, on Frost and 
Temperature Conditions in the Cranberry Marshes of Wisconsin, 
gives the results of an investigation covering several years’ field work. 


DATES OF EARLY AUTUMN AND LATE SPRING FROSTS. 


The following table shows for stations of the Weather Bureau 
throughout the United States dates of first killing frost in autumn 
and of last killing frost in spring; also the average dates of first 

* killing frost in autumn and of last killing frost in spring: 


Dates of first killing frost in autumn and of last killing frost in spring at 
Weather Bureau stations throughout the United States. 





] | 
Date of | Date of | Average | Average 
a, —— date of | date of 
: ‘| recorded | recorded | first kill- | last kill- 
Stations. killing | killing | ing frost | ing frost 
frost in | frost in in au- in 
autumn. | spring. tumn. | spring. 





June 19 |~Oct. 12} Apr. 28 


EQBUDORE NEG sand Soc vdic ccnciinecwd cscadsascescccsnsccesesescusses Sept. 8 

NOPERHOIE, Vb. ccs cc sceccccicscccvccencscccccccescceccessecesesss Aug. 27 | June 7 | Sept. 16 | May 13 
POPU | MEO cdinkes 605 ccenedowencpediusscceccocceesdsasnscoess Sept. 11 | May 31 | Oct. 18} Apr. 14 
DOG BOONB on 6a4 ob ce ecinwemessdvedewdscccceecsccceseccencceesse Sept. 30 | May 11] Oct. 22} Apr. 26 
PION IRONS S os cid co civic cede dendecdassdcerscvsdusuceassead Oct. 1 oo 24 | Nov. 5} Apr. 10 
EROUN ONIN, hard sina Ss aeidin 0 ad Av haven noe csae>wlasteweseeners Oct. 30 ay 11 | Nov. 16} Apr. 12 
Narragansett, R. I Pes spans -| Sept. 21 | May 30) Oct. 16 | Apr. 23 





New Haven, Conn. a Sept. 15 |...do..... Oct. 17} Apr. 20 
















Binghamton, N. Y --| Sept. 16 | May 21 | Oct. 6) Apr. 27 
Albany, N. Y..... -| Sept. 23 | May 30) Oct. 17 | Apr. 24 
New York, N. Y...... --| Oct. 5] Apr. 30] Nov. 6] Apr. 10 
PRATT OIG, F Oc 008 -0s~-.ce0e --| Oct.. 3] Apr. 26 | Oct. 24 0. 

PI CE bos ode se adiceccnscasecenses nol ex ceeinae se Apr. 29 | Oct. 30} Apr. 8 
MEDIANS CIEE, PEGE oo 5a 3 aarcdardnanesucdivdssseusticvocdsecescese= Oct. 1] Apr. 25| Nov. 4] Apr. 11 
PRIRINANO, TAGs 55 cube ducuitindoahovaceéceqceccosecceuswssuenenes Oct. 6| May 3 G6. ..5: Apr. 4 
WRI, DN de Saks owSstdn cag dead anaberdudesddesesneveraed Oct. 2| May 11] Oct. 21] Apr. 7 
LYMCHBUTE, VE... 20 .cccccccccccccwsccedececcccccceccsccececes Oct. 4| May 7] Nov. 1} Apr. 14 
WRI Ws 5 ark bias Bike sends Sud nanwdscee reas buasescucogaues ces Oct. 15 | Apr. 26 | Nov. 12 | Mar. 27 
WR YPN V Biron scenic n ns cdbodudspancacceqnesaccessavavesse Sept. 14 ay 26] Oct. 7| Apr. 23 
COMING, Te iia kes pines eucldon spent nee sacannscsenatinoncaaeuany.s Oct. 8| Apr. 26| Nov. 4] Apr. 1 
EGS BEES E PE os Side Tihnn Wucastds ian ceduter endeashuardunnentoes Mirae May 6 (ae Apr. 5 
Binbterey, IN. Gaia s 6 < scccs ccwncccckcccsbebedccvevvcccecvcesccacsese Nov. 7] Apr. 19 | Dec. 11] Feb. 28 
I, oa Fao tn eked cha ccbiidnaedccaansncquacscaatucecs Oct. 16 | May 1] Nov. 15 | Mar. 27 
CANIN BOs Xho wid d Sosa sete cnesudecuicancunceqescuss Nov. 9{ Apr. 2] Nov. 30} Mar. 1 
COON Fe as ws oa Sac eeccn seen ccnddwdecnnqnteagqesaqaceacceuee Oct. 19 | Apr. 17 | Nov. 8 | Mar. 23 
DER NU ois ons Pi de 3 ng <i i dann deena emeatileneueanees Oct.” Bt. ..d@incss Nov. 9; Mar. 20 
Rs inh ow cig diictins Soh « cEduenkqqeoneddnsecccoqpeacea Nov. 1| Apr. 5] Nov. 26/ Feb. 27 
Fusipmisitid?, Wins? 50. ocrsl 4538. cede <n andnancmaancanidocaes Nov. 12| Apr. 6| Dec. 6] Feb. 14 
PURE MOG 3 EURE 2 2) « dduldas 06 acdauihinneasVecncdecdeauayacuas Nov. 18| Apr. 7] Dec. 29 Do. 

MOEN GARE. Soo le Vi sihv aed dent da dngnedngdadnsVeeedacdeh Oct. 11 | Apr. 15 | Nov. 7] Mar. 24 
PIRI © «.<:ii9a-» has Sodan cing chddednnsecsaqeaskqneuyatcasns Nov. 5] Apr. 18] Nov. 14} Mar. 15 
RA ER Bid oa ctitnnas coe sdhtbubansadtaakieeisnaneseadats Nov. 28 ar. 19} Jan. 9| Feb. 8 
Pensacola, Fla.....-. ---| Nov. 12] Apr. 6] Dec. 5] Feb. 23 
Mobile, Ala............ .---| Oct. 31 | Mar. 28 | Nov. 30} Feb. 24 
Montgomery, Ala...... Oct. 21 | Apr. 5| Nov. 8| Mar. 11 
Meridian, Miss......... Oct. 8j| Apr. 10} Nov. 2{| Mar. 20 
Vicksburg, Miss... - --| Oct. 19] Apr. 6] Nov. 12| Mar. 6 
New Orleans, La......... Nov. 19 ar. 27 | Dec. 15 | Jan. 24 
Shreveport, La........... Oct. 20} Apr. 2] Nov. 11] Mar. 4 
Fort Smith, Ark......... ----| Oct. 15 | Apr. 6| Nov. 4 Do. 

CANN TION BEN doa occVoewinv teacadssbuvededtshidied dcvuatsacaey Oct. 22! Apr. 14] Nov. 10! Mar. 20 
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Dates of first killing frost in autumn and of last killing frost in spring at 
Weather Bureau stations throughout the United States—Continued. 


































Date of 
aca ww | 
sigs recorde 
Stations. killing 
frost in 
autumn. | 
Palestine, Tex.....-. Oct. 20 
Galveston, Tex. Dec. 4 
San Antonio, Tex. -| Nov. 9 
Corpus Christi, Tex. Nov. 30 
Memphis, Tenn... Oct. 2 
Nashville, Tenn.. Oct. 8 
Chattanooga, Tenn........- Sept. 30 
BMOZVING, TENN... cc cecdccsccccccesccccces Oct. 1 
SHIGEO, FEF cows scan overseas cetace ycceccpredscnss Sept. 24 
EE SERIES le ccc eb dlew cba pdt ens ctweccdovabascdeu -| Sept. 30 
EN io ced dsian wh teyhocech agbac asus se apedlb agus seein eee 
INE ENN ise aan cca Sasa kaicwcin sass <caececsheseNecansses Sept. 21 
Cincinnati, WOM es 6. Pecado Non otanpmach aka. Sate es Sept. 30 
SPREMEMEE, SIDID sco cc cine cccses sce cnsncscsscscsisceceessecssores Sept. 21 
NN MON BS 6 ob cb han ace dgd gadom~ndess 4¢6c bees dy acaees -seeme Sept. 28 
SMEs Wihvs vaccetyss<0ctevay csc secpsnsencreeeunnscast Sept. 24 
IN, DOR 6 Seine ced icdsis cenp en spins wa gion pin ssceciueh shes oes Sept. 25 
UNO TNd © oc ccwcccccecncwansnecncnccvessnrecssesteteessassesinns eee 
PUNO IS Oo Aeiect dnt vaio dob shia avin 24.096 chon, aseae ps dawee Sept. 26 | 
Buffalo, RS a oe en ren ee ie ee Sept. 23 
Me Go onnssa Vaud ed ocd favicienaehccasssepsudenosneeeees eu Oct. 12 
Cleveland, Ohi0. .....cccccccccccescccceecsesnccccpeveresnseecews Oct. 2 
REE, AIMED enin wewgccccticscccomacsvestsncvreespesesceanen Oct. 8 
PAID codec nccstecceccness<ctcsvestuadsresserocedesesrne Sept. 9 
PPOEIOIG, MAIO. oo os cc ciniceveccncscececcienecoscestavecacccwctnesiese Sept. 21 
PG SIE MEN voc woerocncwccecesescocacsenvensaseucloesews Sept. 22 
I NID ie in boa iaase REKels dor napsnseontsscekeg ede tunes tees Sept. 6 
ER ON Sg cos wi cn ngite aches <sskiovienaneieetwosnee Sept. 5 
TPEUNAD. FANE 5s dy cen ove ssisgencess Petes o<ppekhpanmneaed Aug. 22 
ne 5b a etink soa va weitain’s dessa cous cveiiee skeet an Sept. 9 
SN TER s cog tatinved cske> Kupetahh ch sanchenlahoaturueese! Sept. 16 
EE oc ccngecc cannes pass 6 as aarnavi~edclsweneate Sept. 23 
NTI a clon non dee cdiketsdcnadaseasce 2 ivihicseeeseeecehey Sept. 25 
NOS lcs sis ston tccsvcwsisesscseewcasccsssswsWesseeeversees Sept. 18 
PE MN ake cast wa nag sas 2b pas aged odeues we escurpaaeweess Sept. 15 
eR Sn. Ae ceasamde man ceson remcaane areas Sept. 13 
CMEC. cb tLces sh avbomadesacces sap oeaea bs sce aemsaee en Sept. 20 
ER en ea capa scngtcoc essen rriete scone eCdtaeeen Sept. 29 
SR ME MN cae siladnesh sa0659 94 nan deahesaeepes das iewabtee ae Sept. 21 
NIN Ss iicctss vemncatansccopeeacascsesases cape nebereee Sept. 27 
ENS osc roa) dan depts ast aecteatcoecetesooune poo Sept. 18 
as oo coe Cub nies is ueans Same sdamneadeel Sept. 12 
ER. an Sento e > cctp onthe th cepenedapecedesse tian eter Sept. 18 
I oo oo oo nn dae en Se arakastetecaeeteaanmsesecie Sept. 30 
US BIS os ca nova codontcoshat setae ate a aiacsammeeanas Sept. 25 
UM Oo. SLs cau asenvndieece sie cdsar cur sedoseeidaeen — 30 
tLe a nd te cpchpodevewerscnenetacleg ons éuteuden ane Cor Rises 
PEE oe. cris veh acdscetesnces cul sdacusseseuds demos a saieeu OO.cc0% 
NL Ne. oO foc cachcedsreeesi erect send eee tcceteuntanes Sept. 28 
ED in a6 no Lcd eave snob aga paees eins ame Sul aieae ae Sept. 30 
NE Sc. inca scvantaccvectedecoaes ate tewcadsecer esata Sept. 28 
ES ER SS Er eet nt ee oper res Sept. 23 
TD. os Scpcucudesug ssn is asevasevdcedcendduvesessies Sept. 27 
IN i ob wens cok cedphacd ce dose idee ddneesdan iodides Sept. 18 
a 8 Ee Ry er ee ee. = 12 
I De cic ced ls goccesacechper scale citasc gids mace dads bE Duierss 
Sioux City, Iowa..... Sept. 13 
Huron, 8. Dak..... -| Aug. 23 
Pierre, 8. Dak........ -| Sept. 12 
Moorhead, Minn..... -| Aug. 25 
Bismarck, N. Dak...... -| Aug. 23 
Williston, N. Dak...... -| Aug. 18 
Havre, Mont............... -| Aug. 27 
PD a ee ea -| Sept. 5 
Rapid a oo NE + ae REED .| Sept. 13 
MWS WO 2) «< ccewdwntasddpasede pense Aug. 23 
Gait Take City, Utah:.......-.0..c.cc.2ss00. | Sept. 22 
Grand Junction, Colo................-.----+- .| Sept. 27 
EOE, WE 90s os os cet ccterecestewiciiesesdevcsw Aug. 29 
Peoreee 110008, NODE... 5. 0c sbiccesaccsctecwesoveses Sept. 10 
Denver, Colo....... Sept. 12 
Amarillo, Tex.. Oct. 16 
Pueblo, Colo... Sept. 12 
I ce oc on 0 co dares bo teedeaseeea -| Sept. 23 


Date of 
latest 
recorded 
killing 
frost in 
spring. 


May 30 
Mar. 1 
Mar. 20 
Mar. 19 
Apr. 16 
May 14 





Average 
date of 
first kill- 
ing frost 
in au- 
tumn. 


: SUSSN ESRB SEER eRS 


| Apr. 


.| Apr. 
.| May 
| Apr. 

Apr. 


| Apr. 





Average 
date of 
last kill- 
ing frost 
in 
spring. 


Mar. 
Feb. 
Feb. 
Feb. 
Mar. 
Apr. 
0. 
Apr. 


Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
May 
Apr. 
Apr. 


Apr. 
Apr. 


Apr. 
uy 

ay 
May 


13 
5 
25 
27 
24 
2 

3 
6 
18 
10 
16 
14 
16 
18 
11 
26 
27 
1 
25 
22 
16 
14 
24 
30 
8 
14 
16 
May 15 
14 
5 
28 


PoNwhS 


onSas Sn BnaBesn 
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Dates of first killing frost in autumn and of last killing frost in spring at 
Weather Bureau stations throughout the United States—Continued. 


| Date of | Date of Average Average 
| earliest latest | date of | date of 
ee recorded | recorded | first kill- |last kill- 
Stations. killing | killing | ing frost |ing frost 
frost in | frost in in au- in 


} autumn.| spring. | tumn. | spring. 


| cidtote: shea saci 


CN GIA «53 ps5 a dale < pak a ao - Seles saiadatelde eed dnadeea | Oct. 7] Apr. 30} Oct. 31] Apr. 2 
EN ns cas cand eden bane es vendaccacTsbeaeneaaiae Oct. 22] May 1} Nov. 19] Mar. 18 
MPI POM 5's 35383 aint cece ckt sedan dlslesceeedtpamer ence te | Oct. 24] Apr. 16 | Nov. 15] Mar. 15 
PR Ps OR c als necig + 6oen cnnatindupiess ainese nis <meinasis << <eece «cnn ais beh aantn aetna aan een. en 
SING Be MENS Ls cab a's occasion dunetadecvawhenccagdasesadde an | Sept. 27 | May 18] Oct. 19| Apr. 15 
TE So oaks cba Ah od Sel b4.Gis o SOV d Wella 0 « oN Bhs RE «SRE | ae None. None. | None. 
EE DES Go cess Sa 5c was ceva scien cauecsschiasasnne dawns an gees | Nov. 9| Mar. 31 | Dec. 7| Feb. 18 
SR ois bosch Ceti ned ewitccekacadieabentesdeveus | Sept. 7| June 8 | Oct. 17 Mar. 23 

ee PRIN WOMEN roe ares cao 6651 ds ee anaes neeian eae | Sept. 28 | May 12] Nov. 7] Apr. 4 
WMRNUNL IN onc cacécets ceediotedcccscndcacsstodessnewiearrets | Oct. 18| May 27] Nov. 22} Mar. 21 
ET MI ah bi aa 65 Us als Sokeste dhe oii ded ae Mts aA PU Oct. 13} May 94 Nov. 16 | Mar. 17 
Se SRE MER ra cg p's ssi < an Oe oe pnoninines enor bap eal as agen Nov. 1] Apr. 19 | Dec. 15 | Mar. 14 
MIGUDOUIEE, WHEOE «oc < sc ccc cecencssnce Reali ance eeee ones Cana taeeey Sept. 25 | May 16 | Oct. 30] Apr. 15 
I OI is Wate Sp er $454 bey oinn ys Seas Sem <otscd wen emenKmn Sept. 4| June 24 | Sept. 27 ay 25 
OE TUNG oc xe s she vccas an teslcascekssacNsatgnsaneeeds Aug. 22 | June 20} Sept. 24} May 15 
UPI LOIRE, ioe bia stink Sid «cht. asda J0th bc SERS Ee} con ed Nov. 7| May 1] Dec. 8| Apr. 2 
DI aS date Saat nie Soc ucapeeas enc eaue Taeanetesaeneee Nov. 15} Apr. 25| Dec. 6] Feb. 26 
RNIN SIE cis 0 eda ec ra yalsctaatvess Seaweed gacdnasmeds Oct. 28] Apr. 26 | Nov. 15| Feb. 16 
A SR Percent coy er crete are ore Nov. 18} Apr. 20} Dec. 26] Jan. 8 
ME Ba aie n hc ck bs 86 hg oa acess nacnn> <0de se taktinecesqaeceeesiebaie do....| Apr. 14] Dec. 15] Mar. 4 
ieee Sree Can. 6. os. ese eee Nov. 19] Apr. 8| Dec. 27] Feb. 20 
BE a a. nas ccicaGuewsive s'ckhls + Caiaaindgna@eeenmuaencnies None. }...do.... None. | Apr. 8 
PO PI Oia o's paca us oa 5555 6 tonweeqeesacsranssdoncagencasana None. None. None. one. 


PROTECTION FROM FROST. 

A discussion of methods of protection from frost calls for a consid- 
eration in great detail, not only of the several approved processes of 
protection and the extent to which they can be applied in connection 
with the various crops, but also of the value of these processes under 
the varying conditions of local topography, local climate, and local 
soil conditions. 

It is evident, in the light of the foregoing statements, that fruit 
and vegetable growers in rolling and hilly country, or when located 
in the lee, as regards west to northwest winds, of bodies of water, can, 
to some extent,so place in their earlier and tenderer fruits and crops 
that they will, in the first instance, avoid the lowlands and valleys, 
and in the second take advantage of the more moderate and moist 
air that crosses water surfaces. For further protection the grower 
must depend upon artificial appliances. These appliances are de- 
signed to produce the following effects or results: To prevent a 
rapid radiation of heat from the earth; to charge the air with mois- 
ture; to warm the air; to create artificial drafts, whereby the air is 
mixed and the cold air is not allowed to settle to the surface of the | 
earth; or to actually cover or roof in plants. 

DEVICES FOR PREVENTING RAPID RADIATION OF HEAT. 

Devices designed to prevent a rapid radiation of heat from the 
earth include screens which can be drawn over plants, vineyards, and 
groves; loose substances with which low plants may be covered; and 
smudge fires built to the windward of areas for which protection is 
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desired. These devices, which of a necessity are operative for very 
limited areas, have been described by Prof. W. H. Hammon and by 
Prof. A. G. McAdie. 


Glass screens.—In greenhouses and hotbeds advantage is taken of the peculiar 
property of glass which allows the heat rays of the sun to pass through it, and 
is almost impervious to the dark heat rays from the earth and plants. This is 
one of the most perfect screens possible, since it not only prevents the loss of 
heat by radiation, but receives and retains the heat from the sun. The expense 
precludes its adoption except for the protection of valuable plants and fiowers. 

Screens of other solid materials have been quite extensivly used in protect- 
ing vineyards and citrus groves where intense cultivation is practiced and 
where the location of the groves near an excellent market admits of profit 
even with expensive methods of cultivation. 

Cloth screens.—In Italy and portions of France screens made of muslin strung 
on wires stretched on poles above the tops of trees or vines have been used 
extensively. These screens are drawn on nights when frosts are probable and 
are pushed back during the day. When the season has advanced so far as to 
preclude further danger, they are taken down and stored. Of course such a 
plan could be operated only on a very limited scale, and would then be ex- 
pensive. This plan has been recently successfully tried in the orange groves 
of southern California. 

Lath screens.—During the past few years screens made of laths fastened to 
ordinary telephone wire (the spaces between them being about the width of 
the laths) have been extensively used in Florida. These are spread over a 
frame erected above the trees or plants. The screens serve not only as a fair 
protection from frost, but also as a shade from the hot sun. When no longer 
needed, they can be rolled up and stored away for preservation. At first thought 
it would seem improbable that a screen covering only half the space (the spaces 
being as wide as the laths) would afford much protection; but when it is con- 
sidered that laths have considerable thickness it is plain that while only one- 
half the vertical rays are screened those inclined between the vertical and 
horizontal are partially intercepted by the edges as well as the faces of the 
laths. As a matter of fact, about three-fourths of the sky is screened by this 
means. By placing the laths in north and south directions the direct rays of 
the morning sun are completely cut off from the orchard, which admits of the 
temperature rising slowly. This reduces the liability of injury to plants. 

Paper cover.—A new form of cover, known as an antifrost cover, has been 
devised in the San Francisco Weather Bureau office. It is, however, best suited 
for the protection of small fruit, garden flowers, and vegetables. It is an old 
and widely known practice to cover garden flowers with newspapers when frost 
is expected. In the antifrost cover there is used instead of a single cover a 
double layer of prepared paper with an intervening air space. This prevents 
almost perfectly the escape of the long heat waves from the ground. Such 
covering can be spread above the plant an hour or two before sunset, i. e., before 
the ground has lost much of its heat. If at the same time shallow pans of 
warm water are placed under the cover, an effective screen and serviceable 
supply of water are provided. It is also to be noted that we use this cover at 
a time when the roots are absorbing vigorously and transpiration by the leaves 
is at a maximum. We therefore prevent any lowering of temperature at the 
leaf surface and store up in the plant a quantity of heat energy for expenditure 
slowly through the night hours. The actual temperature of the air is of less 
importance than the temperature of the leaf or fruit surface. A deposit of 
moisture is advantageous. 
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A special use of the antifrost cover in connection with tree fruits is to unroll 
the covers in the orchard before sunset and to roll them up about 4 o’clock in 
the morning. 

Other methods.—Strawberries and other low plants are frequently protected 
by covering them with straw or other loose substances. 

Frequently young potato plants are saved by plowing a furrow alongside and 
allowing the dirt to bury them. 

Cranberry growers in the marshes of Massachusetts, New Jersey, and Wis- 
consin flood the marshes when frost is expected. In this case the protection is 
probably due, for the most part, to the high specific heat of the water, as only 
portions of this land are submerged. Cultivating, draining, and sanding are 
now resorted to with good results, 


DEVICES FOR ADDING HEAT TO THE AIR. 


The first successful attempts to prevent injury by frost by the use 
of heating devices on a large scale occurred in California about 1896. 
Among a number of protective methods based upon heating, described 
by Prof. A. G. McAdie, may be mentioned the device of Edward 
Copely, of Riverside, Cal., in which a wire basket filled with coal 
and sufficient kindling to insure proper combustion was used. The 
method met with much favor in the orange groves of California. 
With from 20 to 40 of these baskets to the acre the temperature under 
ordinary winter weather conditions can be raised 3° or more. 

The first use of oil that we have a record of was by Everett, at 
Arlington, Cal., and the first use of hot water was by Meacham at 
Riverside. 

A severe frost about the end of December, 1895, caused great 
damage to the orange crop in the Riverside section, and the following 
year may be said to have marked the beginning of the frost-fighting 
campaign. The Riverside Horticultural Club took an active interest 
in the problem and many experiments were conducted by such men 
as those above mentioned and Koethen, Reed, Holmes, Hall, Ham- 
mon, McAdie, and others. The work has gone on, and there are now 
on the market many forms of heating devices. A convenient and 
serviceable frost alarm thermometer and oil pot were devised by the 
Weather Bureau official at Fresno, Cal., Mr. J. P. Bolton, for use in 
the vineyards during the spring frosts. There have recently been put 
upon the market in the apple sections of Colorado and other Rocky 
Mountain States orchard heaters burning oil, coal, or other fuel. 

The various forms of héaters are known by the name of their 
inventors or are otherwise designated. It is not desirable in a 
bulletin of this character to advocate the use of any one special form. 
Indeed the heater that is most satisfactory in one locality and for a 
given crop may prove less satisfactory under changed conditions. 

As showing the efficiency of these heaters, the following report 
upon a certain coal-burning heater was made by Prof. O. B. Whipple, 
field horticulturist, Colorado Experiment Station. 


104 








20 NOTES ON FROST. 





I have the following report to make on the coal-burning heater demonstra- 
tion, held at your place on the evening of November 12, 1908: 
The conditions under which the test was held were such as one would ex- 





perience in fighting frost in the spring. One hundred heaters were well spaced £ 
at 29.5 feet, covering 2 acres of ground. In placing the thermometers, I was 
eareful to see that no pots were closer than 20.5 feet. Waste saturated with e 


one-half crude oil and one-half kerosene with tree prunings were used to start 
the fires. The fires were started at 7.45 and responded promptly, as the table 
will show. One man lighted the 100 pots in 8 minutes. All pots started with- 
out trouble. The pots were refilled, begining at 10.15, one man completing the 
job in 40 minutes. "A few of the pots on a part of the block were again refilled 
at 12.30, and all burned until the end of the test. In all 2 tons of coal were 
consumed in the 7 hours, making a total of 40 pounds per pot. The coal 
used was one-half lump and one-half nut and came from the Farmers’ mine 




























and Stokes’ mine. The temperature readings shown in the table were taken ‘ 
at an elevation of 7 feet from the ground. A thermometer at 12 feet from the 
ground inside the heated area showed 1° higher temperature. 
The following table shows the temperature readings for the full 7 hours: 
Outside | Inside | Outside | Inside | 
Hour. | tempera-|tempera-| Gain. Tlour. | tempera-| tempera-| Gain. | 
| ture. | ture. | ture. ture. 
| —||— | 
p.m °F, -. oF. il p.m. °F, oF. °F, 
7.45 30.2 se: WL SL: | 142.00 29.3 | 36.9 7.6 
8.15 31.1 35. 6 4.5 a.m. | 
8.30 28.4 32.9 4.5 12. 30 25.7 32.6 6.9 
9.00 28.4 34.2 5.8 1.00 26.1 32.4 6.3 
9.30 28.4 33.8 5.4 1.30 26.6 33.8 7.3 
10. 00 28.4 34.2 5.8 2.00 28.4 35.6 1.3 
10.30 27.5 32.9 5.4 || 2.30 28.4 34.5 6.1 
11.00 27.5 33.8 6.3 || 3.00 28.4 33.4 5.0 
11,30] 98.4 | 36.0 7.6 
Pa ed 0) | . ie Bit Sa } 
The following table is from the report of the committee in the 
“under actual frost conditions” test held at W. C. Knight’s orchard, 
Grand Junction, Colo., October 28, 1908. The committee consisted 
of O. B. Whipple, field horticulturist Colorado Experiment Station; 
W. C. Knight and John M. Harvey, fruit growers: 
Inside waa Inside 
tempera- ‘ieee: tempera- 
Outside ate ture, with > 7 
tempera-| Tour. heaters Gain. 100 oil | Gain. heaters Gain. 
ture. x heaters, Sol 
with con- trout open draft ; 
centrated . on all 
make. sides. e 
°F. p.m. Ta eR. “7. °F. °F. ff 
35 8.00 "pas Pas hageee Bet ok SBiteecos ca. 
35 8.15 38 3 38 3 M6? [es3c37 
33 8.30 39 6 39 6 38 5 
32 8.45 40 8 40 8 37 5 ‘ 
34 9.00 40 6 39 5 38 4 
34 9.30 40 6 39 5 37 3 
34 10.00 40 6 38 4 38 4 q 
32 10. 30 36 4 37 5 364 4 ’ 
31 11.00 35 4 36 5 35 4 
30 11.30 36: 64 36 6 34 4 
28 12. 00 35 74 36 6 34 5 
a.m. ' 
27 12. 30 344 74 35 8 32 5 
27 1.00 344 7h 35 8 32 5 
Average gain... .....66sc-0se ths 8d OR Gs. sen 4.4 





Wiiaa 










~“% 


>. 





NOTES ON FROST. 21 


The following account of the use of smudge pots, as they are called, 
is given by Mr. Richard H. Sullivan, local forecaster, in the Monthly 
Weather Review for 1910 (vol. 38, pp. 412-413) : 

The inclosed series of observations were taken for the benefit of members of 
the Sedgwick County Horticultural Society and others in connection with the 
frost warnings of March 30 and April 5 and tests of smudge pots in the 1-acre 
orchard of Mr. Albert Kunkel, in Wichita, on March 31 and April 6, and in a 
selected plat of the orchard of the Thomas Orchard Co., 3 miles west of Wichita, 
on April 6. The readings for the Kunkel orchard on March 31 and the Thomas 
orchard on April 6 were made by the writer, 2 minimum and 5 exposed ther- 
mometers, 1 anemometer, and 1 commercial thermometer being used. 

On Mr. Kunkel’s place 79 pots to the acre were used on March 31 and 70 pots 
to the acre on April 6; his fruit is still unharmed. In the Thomas orchard, 50 
pots to the acre, or 500 pots in all, were used among Jonathan and Grimes Golden 
apple trees. Unfortunately, the temperature in the latter orchard could not be 
kept above freezing after 4 a. m. on account of lack of fuel oil. The small 
number of pots to the acre made it necessary to run them at nearly full 
capacity, and in order to carry the heat through to sunrise the lighting was 
delayed until 2a.m. However, the manager does not consider his loss as great 
as in some orchards in the vicinity. 

The figures show that with from 70 to 80 pots to the acre a fruit crop can be 
saved when the temperature falls to 25°, or even to 22°, if the work is done 
thoroughly and systematically. These are the first known practical tests of 
this character that have been made in this vicinity, and the whole proposition 
rests upon the question of how much expense for such insurance the investment 
can stand and still render a profit. 

Where artificial methods of prevention of damage were not used during the 
freezes of March 31 and April 6, especially in the lowlands, there was general 
less of apricots, peaches, plums, pears, and a very large proportion of apple 
buds, making the third series of disastrous spring frosts in four years. Last 
year the whole fruit-tree crop was killed by a single freeze during the night of 
April 30-May 1, warning of which was given the day before. 

There is now a general disposition among local horticulturists to adopt the 
methods of commercial fruit growers elsewhere to prevent damage by frosts and 
freezes, and the belief is steadily growing that the warnings of this service must 
be heeded if loss is to be avoided. 


Comparative temperature, wind velocity, and weather readings made in connec- 
tion with test of central-draft smudge pots for prevention of damage by frost 
or freezing in the orchard of Albert Kunkel. 


Half-hourly observations were taken from midnight of March 30-81 to 7.30 
a. m. March 31. The arrangement and height of the various instruments are 
indicated by the letters in the diagram (fig. 3) and the explanation herewith: 
A, Weather Bureau anemometer, 5 feet above ground; a, W. B. minimum ther- 
mometer No. 6733, 3 feet 8 inches above ground; b, W. B. standard thermometer 
No. 4403, 4 feet 9 inches above ground; c, W. B. standard thermometer No. 
4788, 4 feet 9 inches above ground; d, W. B. standard thermometer No. 4789, 
4 feet 9 inches above ground; e, W. B. minimum thermometer No. 9436, 3 feet 
8 inches above ground; f, W. B. standard thermometer No. 3135, 4 feet 9 inches 
above ground; g, W. B. standard thermometer No. 5671, 4 feet 9 inches above 
ground; h, commercial thermometer, 1 foot above ground; i, residence; j, green- 
house; k, barn. 
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The smudge pots, 79 in number, were lighted between 5.30 and 5.45 a. m. 
March 31, and extinguished at 7.30 a. m. The temperatures at 6 a. m. in the 
accompanying table show the effectiveness of such a method during frosty 
periods. Fuel oil, costing 4 cents per gallon, was used. 
























O 
Fic. 3.—Diagram of Kunkel orchard, Wichita, Kans. Shaded areas show limits of 
smudge pots. 


Winds—Northwesterly to 2.30 a. m.; northerly to 6.30 a. m.; northeasterly to 
7.30 a. m. 


TABLE 1.—Temperature, weather, and wind velocity, Mar. 81, 1910. 


[Letters in heading indicate position of thermomet2rs.] 





Time. a Obie d € f g | h | Weather.| A 











CFS) OR OR ORS FASE ae ee Mile. 





12.00 midnight wel ; 41.0 | 41.0 | 39.0] 41.0} 40.5 | 39.0 | Clear. ... 0.2 
a0 G. Ws on cee <a wi 5 hb 39.5 | 39.5 | 38.5 | 39.5 | 39.5 | 38.0 |...do..... 2 
Sy Be Mincs'acnsewake pennaceswncwad i . 38.0 | 38.0 | 37.0 | 38.5 | 38.5 | 37.0 |- ievncsde 2 
 Mliras <iekecnsanesweneape avis GOs : 37.0 | 37.0 | 36.0 | 38.0 | 37.5 | 36.0 |...do..... 2 
Be Bh 25 nbs 54s dep pegd chee cute 5. ‘ 37.0 | 36.0 | 35.5 | 36.0 | 36.0 | 34.5 Mees ont 3 
PA gicnsresnieeepanmannncuia see ; b. 35.5 | 35.5 | 34.0] 35.5 | 35.5 | 34.0 i cese 3 
ee Me Ms seh Laka Sesebilccucens 5. ; 37.5 | 37.0 | 36.0 | 37.5 | 37.0 | 35.0 |...do..... 4 
3.30 a. 2 d 39.0 | 39.0 | 37.0] 38.5 | 38.0 | 36.0 |...do..... 5 
4.00 a. 36.5 | 36.0 | 35.5 | 37.0 | 37.0 | 36.0 |...do..... 3 
4.30 a.m... 36.0 | 36.0 | 35.0 | 36.5 | 36.0 | 35.0 |...do..... 3 
5.00 a. 33.5 | 33.0 | 33.0 | 34.0] 33.0 | 31.0 OO, cass 2 
5.30 a. 32.5 | 32.0} 31.5] 33.0 | 33.0 | 30.0 |...do..... 2 
6.00 a. 40.5 | 38.0 | 34.0 | 38.0 | 38.0 | 36.0 |...do.... 3 
6.30 a. 40.0 | 38.5 | 34.5 | 37.5 | 38.0 | 38.0 }...do..... 4 
7.00 a. b 38.0 | 37.5 | 35.5 | 38.0 | 39.0 | 38.0 ]...do..... 5 
Cee Dis cacncess shy onenue sneoeen 4 ; 41.0 | 41.0 | 40.0,| 40.5 | 40.5 | 40.0 |...do..... 5 





! Lowest temperatures recorded, 30.5° between 5 and 5.30 a. m. 
79 smudge pots lighted, beginning at 5.30 a. m. and ending at 5.45 a. m. 


Second test made by Mr. Albert Kunkel. Number of pots lighted, 70. 
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TaBLe 2.—Temperature and weather table, Apr. 6, 1910. 
{Letters in heading indicate location of thermometers as shown on diagram of Mar. 31, 1910.] 


Time. | @ | b e | Weather. 








70 smudge pots lighted, beginning at 3.30 a. m. 


Comparative temperature, wind velocity, and weather readings made in connec 
tion with test of central-draft smudge pots for prevention of damage by frost 
or freezing in the orchard of the Thomas Orchard Co., 3 miles west of Wichita. 


The smudged portion of the orchard was a selected 10-acre plat containing 
Jonathan and Grimes Golden apples; the pots were arranged 50 to the acre, or 
500 in all. The instruments were placed at a height of 6 feet, except one com- 
mercial thermometer, which was located 1 foot above the ground near the cen- 
ter. The thermometers are arranged in the table in the order of reading. The 
pots were charged with 3 quarts of fuel oil, and lighting was delayed until 2 
a. m. on account of lack of oil. The 500 pots were lighted between 2 and 
2.35 a. m., and insufficient oil to hold the fires at reasonable capacity resulted 
in inability to keep temperature above freezing after 4 a. m., and by daylight 
practically all of the oil had been consumed. 

Winds: Northwesterly to 4.30 a. m.; westerly after 4.30 a. m. 

The letters in the diagram (fig. 4) of this plat indicate corresponding instru- 
ments in Table 3; numbers, United States Weather, Bureau thermometers; 
d, commercial thermometer; A, anemometer. 


b 
Min. No. ASE, 
NV 


» 







A 
Cc a 
No. F138. Noa, 4789. 







ad 
e 
No. 4402. 
















f 
N04788. 


h 
No. $671. 





Area 
7en Acres. 


Mun. No. 6733. 





Fic. 4.—Diagram of plat of Thomas Orchard Co., Wichita, Kans. 
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TABLE 3.—Temperature, weather, and wind velocity. 
[Letters in heading indicate position of thermometers.] 











Time a b ¢c d e * e h Weather.| A 

SS ae ap toe ee eh Oe i ee —— 

cf OR See PS Pes SEA ee 4 st oe | ee Mile. 

12.00 midnight........... Lwetecacate 31.5 | 31.5 | 32.0 | 31.5 | 32.0 | 31.0 | 31.0 | 31.0 | Clear 0.2 
DOME rocnocckvewaptersnchcc sues 31.0 | 31.0 | 31.0 | 32.0 | 31.5 | 31.0 | 31.0 | 30.5 |...do. -2 
2.00 a.m.... 30.0 | 30.0 | 30.0 | 30.0 | 29.5 | 31.5 | 29.5 |...do. tt 
3.00 a. m.... . 33.5 | 35.0 | 34.0 | 33.5 | 34.5 | 33.0 |...do. 1 
4.00a.m.... ---| 32.5 | 32.0 | 32.5 | 32.0 | 32.5 | 32.5 | 33.5 | 32.0 |...do. 1 
SIs Dl ccs cowl esens eesegeneneee 31.0 | 31.5 | 31.0 | 31.5 | 30.5 | 29.0 | 30.0 | 30.0 |...do. 2 
RTE ORS cite navabyesch leer sdgageweas 31.0 | 30.0 | 30.0 | 30.0 | 30.0 | 29.0 | 29.0 | 28.5 |...do.. A 


1 Lowest temperature recorded, 29.0° between 1 and 2 a. m. 


500 smudge pots lighted, beginning at 2 a. m. and ending at 6.35 a. m. 


Additional report, April 30, 1910. 


Further trials in the Thomas orchard on April 19, 24-25, fully confirm the 
etlicacy of the firing methods above explained in detail. The wind-velocity 
records show, as was to be expected, that the most damaging temperatures occur 
after the wind has died down. Artificial preventive methods can be used 
effectively despite the oft-repeated arguments that it is too windy in Kansas. 


Tn a paper read before the California Fruit Growers’ Convention at 
Watsonville, December, 1909, the district forecaster discusses in some 
detail the various forms of heating devices, such as open fires, smudge 
fires, coal baskets, oil pots, orchard heaters, etc., as used in the pro- 
tection of citrus fruits in that State. 


Many small fires are found to be much more effective than one or two large 
fires. The great mass of experiments made in California orchards show that 
direct heating of the air by open fires has not been sufficient to prevent injury 
at times of very low temperatures. A large amount of the heat thus produced 
is wasted; the efficiency of the method is low. This is illustrated by the fol- 
lowing experience of a gentleman who is a close observer, an earnest student of 
the problem of frost protection, and one in whom I have the greatest confidence. 
During the night of December 20-21, 1908, on a certain California ranch, the 
temperature for 14 hours ranged between 19° and 24° F. For 36 hours the 
temperature did not rise above 28°. During this night the gentleman referred 
to burned 15 cords of wood and about 40 tons of wet hay in his efforts to pro- 
tect his orchard. The relative humidity was low, there was little movement 
of the air, and he reports that “the smoke rose as straight as a pine tree.” 
At the intersection of two roads in the orchard a large fire was maintained, and 
30 feet distant the temperature in an olive tree was observed. Another fire 
was burning within 20 feet of this tree on a second side, and on yet a third 
side was a third fire maintained within 25 feet of the same tree. The tempera- 
ture at the tree, however, remained at about 20° F. from 3 to 8 a. m. of Decem- 
’ ber 21. This was the coldest weather in this locality since 1888. It is evident 
that in this case a large amount of heat escaped without producing the desired 
warming effect, i. e., was lost, wasted. It is, of course, well known that the 
rate of conduction of heat through air is low. 

Antifrost candle.—A new form of heater, known as an antifrost candle, has 
been devised in the San Francisco Weather Bureau office. This consists of a 
tube of heavy cardboard or other suitable slow-burning material about 2 inches 
in diameter and 12 inches or more in length. The tube is filled with oil and 
cotton waste or wicking, or if sawdust is available this may be used. Suitable 
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stoppers and wicks close the ends of the tube. After filling, the candle is sus- 
pended by a wire about 3 feet below the fruit. It hangs in a horizontal direc- 
tion or slightly tipped. A few inches above the candle a piece of sheet metal 
about 1 foot wide and 2 feet long is suspended. This metallic screen serves to 
prevent any possible burning by the open flame and catches the carbon particles, 
preventing their deposit on the fruit. The heat radiated from the upper sur- 
face of the metallic screen prevents a fall in temperature during the night and 
early morning hours. The great advantage of the candle is that the heat can 
be applied at the particular place where most needed and therefore a higher 
efficiency of the fuel used is obtained. Orchard heaters were a distinct advance 
upon the old-style open fires, but the new candles promise to be just as great 
an advance over the orchard heaters. In the new device less heat is wasted 
than in attempting to ‘“ warm up all out of doors.” 


DEVICES FOR ADDING MOISTURE TO THE AIR. 


Smudge fires made of damp material have been more successfully 
used for the purpose of affording protection from frost than those 
made of tar, crude petroleum, and other dry materials, for the reason 
that in addition to creating a dense smoke they add to the atmosphere 
a considerable amount of evaporated water, which, though invisible, 
serves to retard the radiation of heat. When: any considerable 
amount of water is thus converted into vapor and is distributed in 
the air which covers the area to be protected, a portion of it is likely 
to be condensed by the surrounding cooler air and appear in the 
form of mist, which acts as an agent to prevent the escape of heat 
from the earth; and the act of condensation sets free in the air some 
of the heat that has been expended in the process of evaporating the 
water contained in the smudge-fire materials. Thus the process is 
well ordered throughout. In the first place, an undue quantity of 
heat, whereby undesirable drafts would be created, is not communi- 
cated to the air by the fires, and the final result is that in reliberating, 
by condensation, the water in the air the particles of moisture remain 
suspended in the air, and some of the heat of the fires is returned to 
the air in a form which, to a certain degree, warms it without caus- 
ing currents which would be calculated to disturb the smoke cloud, 
or pall, and the moist air which overlies the ground and upon whose 
presence the safety of the plants from frost depends. 

‘Portable smudge fires—A number of excellent devices have been 
tried in which the fires were built upon some vehicle by which they 
could be moved about the orchard. The advantages of this plan are 
several : 

First. The fire can be moved to the section where most needed, 
which is generally along the windward side of the orchard. 

Second. The loss of heat by an upward draft is almost entirely 
prevented, since the fire does not remain in one position long enough 
to establish such a draft. On this account much larger and conse- 


quently fewer fires, with equal efficiency, are possible. 
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Third. There is a much more uniform distribution of heat and 
smoke throughout the orchard, 

Aside from the smudge fires, other devices have been adopted to 
charge the air directly with moisture, some of which are constructed 
on a plan too elaborate and expensive for general use. 

The first operation involved is the evaporation of water in large 
quantities, either by means of evaporating pans or by the use of 
boilers with connecting pipes whereby steam can be generated, con- 
ducted, and discharged into the air in different parts of a field or 
orchard. 

Spraying and sprinkling plants in times of threatened frost have 
also been attended with some degree of success. At the Everest 
ranch, at Riverside, Cal., sprinklers are placed at the top of 50-foot 
masts, which fill the air with a very fine spray. In nearly ever in- 
stance the protection against frost by this method has been sufficient. 

Sprinkling gardens before sunrise on frosty mornings has proved 
of decided value. 

Secondly, irrigation, which of necessity can be used only to a very 
limited extent and in certain favored localities, has been found to 
afford very complete protection from frost in fields, orchards, and 
vineyards which are equipped with irrigation ditches, and in the 
cranberry districts of Wisconsin and Cape Cod perfect protection 
from damage by frost is secured by flooding the cranberry marshes 
the day before heavy frost occurs in those sections. 

In no case should water be allowed to stand in orchards, vineyards, 
or gardens during the early growing period while danger from frost 
is possible, for the reason that water unduly promotes the growth of 
young plants and thereby renders them more susceptible to damage 
by frost and cold than are the plants whose growth is retarded. 


GENERAL OBSERVATIONS AND PRACTICAL RESULTS. 


The general campaign of frost fighting, as thus far laid out, covers 
three main lines: 

(1) Accurate advance information of the occurrence of frost. 

{2) Applying preventive measures during critical hours. 

(3) Preventing sudden warming of chilled fruit, or a too rapid 

thawing out. 

Under the first of these heads great progress has been made in the 
past five years. Throughout the various fruit sections of the United 
States, Weather Bureau officials recognize the value of special study 
of types of frost maps. The work first undertaken in California on 
a large scale and for a distinct purpose is now an important feature 
of the forecaster’s work at a large number of places. Frosts are 
found to occur as a consequence of certain movements of low and 


high pressure areas and the displacement of the lower air incident to 
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the pressure changes. Frost is a matter of air drainage, both on a 
large scale and on a small scale. In other words, frosts are success- 
fully forecast because we understand the general movements of the 
lower air and in particular certain local circulations. 

The forecaster anticipates a condition in which the lower air strata 
are quiet, dust free, and very dry. Under such condition there is 
rapid radiation and loss of heat from plant and ground and a sharp 
fall in temperature. While the forecaster gives the general condi- 
tions favorable for frost, it must be clearly understood that each indi- 
vidual orchardist must study his own problem of air movement in 
his own locality. These local circulations should be studied in con- 
nection with the daily weather map. It is also advisable to have 
certain instrumental records, such as are given by the thermograph 
and hygrograph. 

Under the second head we have discussed the physical processes 
operative in the formation of frost and mentioned the various 
devices, such as smudging outfits, coal baskets, oil pots, orchard 
heaters, antifrost covers, candles, ete. Opinions will differ as to the 
relative efficiency of various devices, and some are undoubtedly more 
serviceable for certain localities than others. 

There are three general principles used in frost-protection devices: 

(1) Adding heat. 

(2) Saving heat. 

(3) Mixing or stirring the air. 

Under the third head, methods based upon mixing or stirring the 
air, no special devices that are available and practicable are known. 
When nature mixes the air—i. e., on windy nights—frost does not 
occur. It ig now known to meteorologists that layers of air of differ- 
ent temperature may lie close to one another without mixing. On 
nearly every frosty night there is a difference of 6°, 8°, or 10° in 
temperature between the ground and the air 10 feet above, the warmer 
layers being above. Where air is well mixed and there is good venti- 
lation we seldom find frost. 


WORK IN FLORIDA. 


Devices used in Florida for the protection of fruit, vegetables, and 
berries from frost and light freezes conform in character to those 
tested in the California experiments, in which fires were found to be 
the most effective means of protection, and appliances for adding 
moisture to the air were successful only to a slight degree. 

As artificial appliances are totally inadequate to add to the atmos- 
phere any very appreciable amount of moisture, it is evident that 
methods which may have been found ineffective in the dry climate 
of California would possess value in localities where their office is 
confined to adding moisture to an already moist atmosphere. The 
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Gulf and South Atlantic Coast States, and, in fact, the country gen- 
erally from the Mississippi Valley to the Atlantic seaboard, possess 
a moist atmosphere, and the fruits and tender vegetables of these 
districts can, therefore, be the more readily protected from frost by 
devices which add moisture to the air. As a means of adding mois- 
ture to the air, irrigation should be more effective than in California, 
and in localities where this method can be used protection will be 
assured except against hard freezes. 

Owing to the comparatively inexpensive character of the materials 
used in damp smudge fires, they seem the best adapted for common 
use in groves and gardens. Berries and other low plants can be 
protected with but little expense by coverings of straw and other 
light materials. In Florida pine needles are successfully used to pro- 
tect strawberries. Devices for actually heating the free and open 
air are expensive, and their value is dependent solely upon a com- 
paratively still air and small, numerous, and well-distributed fires. 

In Florida many experiments have been made with a view to 
adopting devices which will protect citrus trees and fruits from 
injury during the periods of severe cold which at times visit that sec- 
tion. The fact that these periods of cold are infrequent does not 
relieve the grower from the necessity of providing for their occur- 
rence. Effective measures of protection necessarily vary with the 
conditions that confront the grower. Protection can be made effect- 
ive by tents, coverings of cloth, sheds, and one-half and one-third 
lath shelters and their modifications, that retain heat from open 
wood fires and sheet-iron stoves. The expense of these methods is 
obviously too great to make their employment, except for choice vari- 
eties of fruit, commercially profitable. 

In this State protection of citrus trees and fruit in the open field 
is usually afforded by what is known as “firing.” This method is 
effective, except in the presence of severe freezes, provided rain or 
strong winds do not accompany the cold. Heavy rain will, of course, 
extinguish the fires, and strong winds will not permit a necessary 
accumulation of warm air about the trees. When no rain is falling 
and the wind is light, fires must be built on the windward side of the 
trees, so that the heat will be carried through the trees, and the num- 
ber of the fires must be regulated by the degree of cold. In this form 
of protection the grower must lay in and place his materials for 
“firing” before the winter season sets in, and must, during the sea- 
son, be on guard to utilize the materials (usually wood) that he has 
accumulated. When local indications point to dangerously low tem- 
peratures, or when warnings have been received from the Weather 
Bureau, he should watch his thermometers, exposed in the groves, 
and be prepared to “fire” with a rush when the mercury sinks to 
the danger point, 28° F., with a downward tendency. There is no 
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time on the eve of a freeze to collect firing materials, and the grower 
must not desert his grove for bed or board so long as danger by cold 
continues. He will have his hands full keeping his fires going, even 
if he has sufficient material for that purpose. Material should be 
available for at least three nights. Cold spells seldom last longer. 
The danger increases with the length of the cold spell. Trees and 
fruit become chilled, and the last night of a cold spell is likely to be 
the one that does the damage. The freeze of December 23-27, 1906, 
lasted five nights, and in some sections the last night produced the 
lowest temperatures of the period. In some localities growers had 
exhausted their supply of firing material and, as a consequence, suf- 
fered-a loss of fruit and young trees. 

In cases of severe cold, fruit can not be saved, and trees can be pre- 
served only by banking up the trunks by sand or soil. Small trees 
can be buried, and older trees can at least be protected above the parts 
where they have been budded. 

The damage that will result from a given degree of cold varies 
with the condition and size of the tree. Well-grown trees in a dor- 
mant condition will stand without serious injury, except to foliage, 
a temperature of 18° to 20°, provided it is not too long continued. 
When the sap is flowing these temperatures are likely to kill growing 
trees, and are apt to cut small, unprotected trees to the ground. 
Well-grown trees in a dormant condition will stand without injury a 
temperature of 26° of continued cold, and can for several hours stand 
temperatures of 22° to 24°. When the sap is flowing these tempera- 
tures continued for several hours will be more or less injurious. Cold 
that will freeze friit will injure small trees. In the freeze of Decem- 
ber 23-27, 1906, temperatures in parts of the orange belt fell to 20°, 
and even to 18° and below, on one and in some cases two nights with- 
out injury to large trees, except to foliage, and with a surprisingly 
small loss of fruit and small trees. This freeze had been preceded by 
about two months of rainless weather, and found the trees in a dor- 
mant. condition. The destructive freezes of preceding years usually 
followed periods of wet weather that promoted a flow of sap. 


WORK IN MISSOURI. 


In the Monthly Weather Review for May, 1910, Mr. George 
Reeder, section director, expresses the following views relative to 
critical temperatures and the necessity of definite and detailed ad- 
vance information in connection with frosts: 

The horticulturists at the University of Missouri have closely determined the 
temperatures representing the danger point to fruit for the different stages in 
its development, as shown by the following brief summary of Circular No. 13, 
Missouri Experiment Station, 1909: 

“ Fully dormant peach buds can stand 8° or 9° below zero (F.). When they 
are appreciably swollen, zero is the danger point. When the buds are showing 
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pink, they can stand 15° above zero. When the buds are almost open, 25° is 
the point of danger. When the petals are beginning to fall, 28° above zero is 
cold enough to cause uneasiness. When the petals are off, they can stand 30° 
above zero. When the ‘shucks’ (calyx tubes) are beginning to fall off, 32° 
above zero is the danger point.” 

It is estimated that the April, 1910, freeze caused a loss to the people of 
Missouri of $2,500,000, and it would mean thousands of dollars to the fruit 
growers in carrying out protective measures in the future to know just when 
to start the heaters in the orchards. It has been demonstrated that it is not a 
difficult matter, if one is prepared for it, and knows how to start the work, to 
raise the temperature in an orchard 5° to 6°, sufficient during almost any cold 
night in the spring to save many an orchard from injury. The question asked 
so often is, “ When shall we start the heaters?” To start them too soon is 
expensive, but to start them too late would be more expensive in the end. In 
this matter of advice the Weather Bureau must shoulder the burden, and it 
must take up the task with an earnestness that should prove successful. The 
forecaster must be thoroughly familiar, not only with the geographical location 
and topographical conditions of the section for which forecasts are made, but he 
must keep himself fully informed as to the progress of the fruit crop in its 
different stages of advancement. The State forecast issued by the district fore- 
easter is all that is necessary for the public in general, but where specific 
information is desired it is not satisfactory. It will not suffice to simply send 
a weather message to a fruit locality in time of danger from low temperature, 
reading “Fair to-night and colder, with frost”; but the message must say 
how cold it is expected to be; for instance, something like the following: “ Fair 
and colder to-night, with frost; temperature about 36°; no danger to fruit.” 
And again, “ Fair and colder to-night, with freezing temperature; 28° or lower 
by morning; start heaters after midnight.” 

While specifying the exact degree of cold expected may not be practicable for 
the district forecaster, owing to the extent of territory forecast for, and the 
limited time in which he has to make the forecast, it is being done, and can 
doubtless be brought to a high degree of accuracy, by the local forecasters, 


DISTRIBUTION OF FORECASTS IN CALIFORNIA. 


The system of frost warnings has reached a high degree of effi- 
ciency in California. The district forecaster sends telegrams each 
night to important fruit centers during the frost period, indicating 
the type of frost, whether light, heavy, or killing, the general weather 
conditions, and advice as to whether fire will be necessary. 

To illustrate the way in which the information is distributed from 
the larger centers, the following statement is furnished by Mr. A. B. 
Wollaber, local forecaster at Los Angeles: 

In California, where the changes in weather conditions can be only forecast 
for a short time in advance and where changes from one extreme to the oppo- 
site are often sudden, it has been found necessary to adopt a system whereby 
the local office can keep in touch at all times with the citrus industry. Here 
we find that the best means for accomplishing this purpose is the telephone, 
and in addition to the free distribution of our warnings by the long-distance 
companies operating in this section we have an arrangement whereby we can 
reach the entire fruit belt within half an hour and disseminate our warnings 
through the medium of the fruit exchanges. The Weather Bureau pays for 
this service and therefore is in a position to demand and to receive prompt 
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service. To accomplish this we have prepared a list of the exchanges in the 
fruit belt to which we send our warnings, and this list is on file with the chief 
operators of the long-distance companies. When we desire to send a warning 
we call for long-distance chief operator and give the message, which is immedi- 


- ately sent out. This system is used only in extreme cases, as when the regular 


maps and cards have been sent without a frost warning. That could occur in 
this manner: When a storm which gives indication of clouds or rain during 
the period covered by the morning forecast passes eastward more rapidly than 
was anticipated, causing a rapid clearing, and when later information from the 
district forecaster shows the probability of more severe conditions than antici- 
pated on the morning reports. 

Now, it happens in this section that not all ranches need protection at all 
times. The managers of the several fruit exchanges are personally familiar 
with conditions in their respective sections and are considered to be best 
qualified to disseminate this important information. 

Special frost-warning cards are mailed to all post offices, fruit exchanges, and 
railroad depots before the frost period begins. There has grown up a personal 
relationship between the growers and the local office, and through this much 
good has been accomplished. 


ORCHARD HEATING IN INDIANA. 


In Monthly Weather Review, January, 1911, Mr. William M. 
Walton, jr., gives an interesting account of an effort to protect 
orchards under ordinary weather conditions in Indiana. Heaters 
holding 5 quarts of oil were placed in the orchard on March 31, 21 
feet. apart each way, with a small amount of straw on top. The 
first frost occurred April 6 at 6.30 p.m. Three persons lit 500 fires 
in about 30 minutes and within half an hour the temperature was 
40° F., and alternate heaters were extinguished. In the unheated sec- 
tion of the orchard the temperature fell to 27° F., but in no place in 
the heated area did it get below 32°. On the 7th similar operations 
were carried on, but the heaters were kept going until 6.30 a.m. As 
the sun came up everything outside the heated area was white with 
frost and ice one-fourth of an inch in thickness had formed, while 
no frost whatever could be found in the orchard. Mr. Walton fur- 
ther states that on April 12 a heavy frost appeared at 11 p. m., but 
it was only necessary to burn alternate heaters. 

Snow fell throughout the night of April 17, but as the temperature 
did not fall below freezing the fires were quenched a short time after 
they were started. Not a single blossom had been injured within the 
heated area previous to the 22d. Currants hung in full clusters with 
10 or 11 on each stem. In the sections where heat had not been used 
blossoms were damaged to a considerable extent, the effect being most 
noticeable on currants, where it was impossible to find more than 5 or 
6 on a stem. 

At this point it is proper to refer to the weather conditions in 
Indiana during March and April. The mean temperature for March 
was the highest on record and vegetation was fully two weeks ahead 
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of the normal. On the other hand, during the latter half of April 
all previous records of low temperatures for that time of the year 
were broken and unusual conditions resulted. 

In the words of Mr. Walton: 


On April 22 a high northwest wind was blowing with temperature at 32°. 
It was imposible to get the heat up into the trees with the wind blowing a 
gale. However, we held our own quite well until daylight, when the tempera- 
ture started downward. By 10 o’clock the thermometer read 25° and the wind 
was still blowing hard. We kept the heaters going, but the blossoms soon 
became like wax. We maintained the fight until the arrival of the weather 
forecast, which was for continued high winds and freezing temperature. At 
11 a. m. nearly everything within the heated area as well as without was 
frozen and caused us to forego our efforts after having burned 3,300 gallons 
of oil. The freezing weather continued throughout the day and night of the 
23d, 24th, and 25th, and was followed by heavy snow on the 26th. As a result 
we picked no gooseberries or currants from the 18 acres which were in bearing, 
nor any cherries, plums, or peaches, and but a few apples from the remainder 
of the orchard. 

Having lost all tree and bush fruits, we turned our attention to 1$ acres of 
strawberries that were not in blossom during the period of severe weather 
just described. We placed 180 heaters in this plat and went through three 
nights of frost with temperature down to 25° and lower. On the night of 
May 13 we started the fires at 8.30 p. m. and kept them going until 7 a. m. 
It was diflicult to prevent the frost from settling on the vines, as there was no 
foliage above to assist in retaining the heat, as in the orchard. However, we 
went through the strawberry season without rain, and yet harvested a larger 
crop of berries than we did the previous year from a larger tract under more 
favorable moisture conditions. This goes to show that the heaters should at 
least share in the credit for the good results obtained. . 

We burned during the season about 4,000 gallons of fuel oil, which would 
have been sufficient in any ordinary year, or, at least, would have saved the 
crop had it been used during the spring of 1908 and 1909 instead of 1910. 

We went into the matter this year to fight the spring frosts, but when 
winter entered the fray we were compelled to surrender. We are not dis- 
couraged by the failure, however, and expect to try again. The experience 
gained is particularly valuable, and gives us increased energy for further 
experiment. It also convinces us that with proper equipment we can save 
our entire crop during seasons having ordinary weather conditions in the 
spring. 

WORK IN OREGON. 


In Farmers’ Bulletin No. 401, Mr. P. J. O’Gara describes in detail 
the protection of orchards in the Pacific Northwest from spring 
frosts by means of fire and smudges. The same author, in the 
Monthly Weather Review for September, 1910, describes work in the 
Rogue River Valley during the spring of 1910. The work has been 
extensively carried on, and the following brief quotations will serve 
to show what has been done: 

Durivg the past season there were just a few orchards in the danger zone 
carelessly left without protection; luckily these have served as a check on our 
work. In every case the unprotected orchards lying within the frost zone were 
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badly damaged and in some cases the crop entirely destroyed, while the pro- 
tected orchards did not show a frost mark or ring on any of the fruit. * * * 

It is believed by the writer, as well as the growers, that the Rogue River 
Valley has not only settled the problem of orchard heating, but also the im- 
portant matter of accurately forecasting the frost. During the past two years 
not a single serious error has been made in forecasting. Whether this can 
be done indefinitely remains to be seen, but the writer believes that it is en- 
tirely possible. The writer does not attempt to say that the same methods 
will apply in other localities, having entirely different conditions, but it is 
believed that for every locality the optimum time for making the forecasts 
may be found, as well as all the other factors which enter into the problem. 
This at least is worth a trial. 


WORK IN UTAH. 


Variability of frost injury on fruit buds.—Dr. P. F. Homer in the 
Monthly Weather Review for April, 1911, gives an extremely inter- 
esting review of observations made in Utah orchards to determine, 
if possible, the factors that control the resistance of fruit buds to 
temperatures below freezing. The author states: 

The injury done by frost takes place in two ways. When the cold is not 
too intense the ice forms in the intercellular spaces, and under the influence 
of a sudden rise of temperature the moisture evaporates directly into the at- 
mosphere and the cells dry out and shrivel up for lack of moisture. In the 
other case, under the influence of severe cold the cell sap is frozen within the 
cell, the protoplasmic membranes are ruptured, and often the cell walls, by 
the exparsion of the freezing liquid. The degrees of harm that any given 
temperature may do probably depend on the concentration of the cell sap, and 
the factors which influence this are probably the controlling ones in deter- 
mining injury. 

The author shows that fogs, smudges, cloudiness in the mornings, 
and any condition that prevents a rapid thawing of the frozen tissue 
lessen the injury; while conditions that accelerate the thawing and 
drying increase the injury. Such injurious conditions are found at 
Pleasant Grove in the cold, drying north winds that follow the April 
freezes. 

Orchards situated on the western slope will escape injury when 
those on the eastern slope will lose all their fruit. It is almost im- 
possible to grow peaches on the west side of Utah Valley, while 
orchards close up against the western slope of the Wasatch Moun- 
tains, only 12 miles distant, are among the finest in the State. 

The author gives a detailed account of the spring weather for 
1907-1910, showing how the peach and apricot yields were affected. 

Dr. Homer concludes: 

There is a great variation in the amount of cold a bud or blossom can stand, 
but there is also great variation in the individual buds in their power to with- 
stand cold. Thus a freeze that will kill one bud on a twig will leave unharmed 
the next three and then perhaps kill another, all apparently in the same state 
of advancement. One bud may be spared in a cluster of apples or pears or 
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cherries and all the rest taken. So it is sometimes with trees. One tree may 
bear a full crop and one in another row be fruitless. In many cases on 
Provo Bench an orchard on one side of the highway will have a good crop of 
fruit while one on the other side of the road will not have one live bud in 
several hundred. This seems to be true in orchards heated and not heated, 
pruned and unpruned, in sod or cultivated. Several unheated orchards will 
have more fruit than some that were heated. 

There is much work to be done in determining the resistance of the fruit 
buds to frost and the factors that bring about such remarkable difference. 


MISCELLANEOUS. 


A TWO YEARS’ STUDY OF SPRING FROSTS AT WILLIAMSTOWN, 
MASS. 


A valuable paper by Prof. W. I. Milham on the above subject was 
published in the Monthly Weather Review for August, 1908. The 
special purpose of the investigation was the critical study of the 
spring frosts, first, to test the prevalent belief that the probable 
minimum temperature could be computed from the maximum and 
dew point, or from the reading of the wet-bulb thermometer of the 
afternoon before the frost; second, to study the variation in the 
severity of frost at different places within a small area; and, third, 
to study the variation in the severity of frost with varying distances 
above the ground. Prof. Milham came to the following conclusions: 

(1) The cool nights of spring when a frost might be expected are very dry, 
and the dew point lies so low that it plays practically no part in determining 
the minimum temperature. 

(2) The amount of the drop from the maximum to the following minimum is 
very far from a constant, even if the characteristics of these nights seem very 
nearly the same. In each case in estimating the probable drop one must take 
into account the probable amount of cloud, the probable wind velocity, the 
possibility of a change in wind direction, and possibly other things. 

Milham holds that two processes operate to produce the cooling, 
first, the importation of cooler air, and, second, the radiation of heat 
from the ground and the cooling of the air next to it by conduction. 
It might seem that the cool nights during which frosts seem probable 
could be divided into two groups, depending upon whether the im- 
portation of cold air or radiation from the ground was playing the 
larger part in producing the cooling. It is found, however, that 
both processes are nearly always operative. It may not be out of 
place at this point to call attention to the fact that the heat which 
has been absorbed by the ground is re-emitted as radiation of long 
wave lengths, from 4 yp to 20 p. 

Milham calls attention to the fact that the temperature of vegeta- 
tion in the open, near the ground, in the coldest part of the tract 
may be 11° lower than the estimated minimum in a given shelter. 
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An interesting paper upon temperature variations near the surface 
of the soil during the formation of frost, by Mr. Dewey A. Seeley, 
local forecaster, can be found in the Monthly Weather Review for 
August, 1908. He is of the opinion that a considerable amount of 
the heat given off, during the condensation of vapor as frost and dew, 
is retained in saturated air near the ground level and also by the 
foliage of the plants themselves. The influence of a surface covering 
of vegetation on the temperature of the soil was marked. It was 
found that the soil beneath the grass was warmer both at night and 
during the day than the naked soil; but the temperature of the air 
above the grass was lower in both cases than over bare ground. 

The dew-point as recorded at 7 p. m. and the minimum temperature 
registered the following morning for 60 days were tabulated and 
the differences computed. From these it appears that on the average 
the minimum temperature went 2.9° below the 7 p. m. dew point. 
In but three cases did the temperature fall more than 10° below the 
dew point recorded at 7 p.m. The thermograph traces made during 
clear weather with light wind show that the temperature fall goes 
on much more rapidly during the first part of the night, before the 
dew point is reached. 


[A list giving the titles of all Farmers’ Bulletins available for distribution 
will be sent free upon application to a Member of Congress or the Secretary of 
Agriculture. ] 
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